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24th Issue. 


/Two Years Old Next 
Month. 


FEILDEN’s MAGAZINE, on the rst of next 
month, celebrates its second birthday. 
We make this announcement with a 
feeling of the liveliest gratification, a 
feeling which, we are assured, will be 
shared by upwards of the 10,000 readers 
whe, we are justified in saying, peruse our 
publication with interest and benefit the 
world over. And why should we not be 
proud of our achievement? We claim—it 
is a bold claim, but we maintain it—that 
British industries and the advancement 
of the commerce of ourcountry have largely 
benefited by, and are to a considerable 
extent bound up with the destinies of this 
publication. 

Before the advent of FEILDEN’s MaGa- 
ZINE, there was not a public organ in the 
land which wholly and solely voiced the 
feelings and opinions of our manufacturers ; 
or which did not, for mere’ material 
pecuniary advantage, pander to the 
foreigner, whose presence has’ been so 
keenly felt by our producers. A new 
keynote was struck on the rst of August, 
1899, by the appearance of FEILDEN’s 
MacGazZINeE. British manufacturers were 
roused to a sense of their responsibilities. 
This feeling has grown-and grown, and 
the policy strenuously pursued by this 
journal has been voiced by the responsible 
daily press of the United Kingdom to 
such an extent that the invader is now 
being fought with his own weapons. 

We are sure that readers, on this occa- 
sion, will pardon our direct personal 
references to the Magazine in this con- 
nection. We have laboured hard, and, 


we believe, conscientiously, for an object 
which we have no hesitation in saying 
should’ command the serious attention 
and support of all who are identified with 
our country’s industries ; and if, on the rst 
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of August, tg00, we had reason to con- 
gratulate ourselves that our first twelve 
months’ efforts had not been abortive, 
we, on the near approach of the rst of 
August of this year, feel that, whatever 
may be the result of the absorbing com- 
petition which now exists and with which 
our traders are threatened in a greater 
degree in the future, FEILDEN’s MAGAZINE 
has gained the confidence of the com- 
mercial community throughout the length 
and breadth of the land ; and, in return for 
this confidence, we promise that the 
Magazine can be relied upon to main- 
tain a policy which, without being 
aggressive, will, in the interests of our 
manufacturers, be essentially and systemati- 
cally “‘ Militantly British.” 


» 
(The Heavy-Traffic Motor 
Trials. 


LIVERPOOL last month witnessed a series 
of very interesting motor car trials, in- 
augurated by the Liverpool Self-propelled 
Traffic Association, with the object of 
ascertaining what type of self-propelled 
vehicle or what special features of con- 
struction are best suited for the transport 
of heavy loads over various kinds of roads 
and up and down various gradients. In 
fact, the tests were to show what kind of 
motor wagon would in all respects be 
fitted to perform the same kind of work, 
under exactly the same kind of conditions, 
that heretofore has been done by vehicles 
drawn by horses or other beasts of burden. 
The stipulations made by the committee 
were such as are dictated by common- 
sense as suitable for a fair test of this 
kind. The motor wagons were to be not 
only self-propelled but self-contained, and 
were to depend upon mechanical power 
alone in all their evolutions, no restriction 
being made regarding the source of energy 
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from which this power was derived. ‘These 
wagons, moreover, ‘were to be so con- 
structed as to permit them to carry their 
load wherever a horse-drawn vehicle would 
be able to carry it, and to allow them to 
be placed into or withdrawn, without ex- 
ternal assistance, from positions in which 
loaded vans or trucks of the ordinary type 
frequently find themselves. 

A test of this kind was the working of 
the motor wagon into and out of a loading 
berth when cramped for room, with the 
condition that the vehicle should be able 
to get into and out of an embayment of 
one and a half its own length. The first 
day of the trials, June 3rd, was occupied 
with hill-climbing experiments, consisting 
of the ascent and descent of Everton Brow, 
Liverpool, with full and empty wagons, and 
manceuvring at George’s Dock. The 
second day consisted of a journey from 
Liverpool to Manchester vé@ Warrington ; 
the third was devoted to the return from 
Manchester to Liverpool v@ Bolton ; the 
fourth consisted of a trip to Blackburn, 
vid Chorley ; and the fifth and last day of 
the return to Liverpool v@ Preston, the 
various trips including a fair variety of roads. 

For sufficiently good reasons we shall 
refrain from mentioning the names of the 
makers of the respective vehicles, but will 
content ourselves with a bare outline of 
the trials, reserving all further remarks 
until the general award of the judges, which 
will be made in October next, when it will 
be more convenient to analyse the various 
points of importance. 

Of the eleven cars participating in the 
hill-climbing contest nearly all carried out 
the prescribed manceuvres in a satisfactory 
manner. These were as follows: First, 
there was a run up the hill over 106 yards 
of macadam, with a mean rise of 1 in 18°4, 
at the end of which the arrival of the car 
was timed; then the car proceeded to a 
point about half-way up the set pavement of 
1 in 9, when an official stop was signalled, 
and, after an interval of some seconds, on 
the starting order being given, it con- 
tinued on its way, the time occupied 
in travelling the first three yards being 
again noted. The time was noted, more- 
over, on four different points of the 
ascent. Having reached the top, each 
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vehicle turned and descended to the 
starting-point at a speed of about five 
miles an hour, the times being taken also 
at the same four points during the 
descent, further at two points on the 
1 in g gradient, and finally at the finish. 
There was likewise an emergency stop, 
in order to notice the previous speed 
and the time required for coming to rest. 
A very good showing was made by the 
internal combustion engines. 

The manceuvring made at George’s 
Dock, the second feature of the first day’s 
trials, plainly demonstrated that even the 
slowest of the motor cars, which during 
these tests were fully loaded, could be 
manipulated as easily as any horse-drawn 
vehicle carrying a similar load. This test, 
however, was perhaps more a trial of the 
driver’s skill and discrimination than of 
the efficiency of the vehicle, and the judges 
will have no easy task in determining how 
much of the success was due to either. 

The second day’s performances were 
favoured by wind and weather. On 
that portion of the road which begins 
just beyond Eccles, the excellent mac- 
adam pavement ceases, and the half-paved 
type is met with. The motor-lorries 
did not appear to be much affected by 
the change, though a ride in the solid- 
tyred light cars along this kind of road 
cannot have been very comfortable. No 
incident worth mentioning marred the 
progress of the procession of heavily- 
loaded vans, all of which arrived safe and 
sound at the terminus in Manchester. 

The meteorological conditions changed, 
however, before the dawn of the third day. 
Rain having fallen in abundance near 
midnight, the competitors found the roads 
covered with greasy mud. Nevertheless, 
and although the vans were more heavily 
loaded than during the second day, some 
carrying piles reaching the lofty altitude of 
17 ft. above the road level, no skidding 
was noticed. The only incident worth 
mentioning was the breaking through the 
road of one of the heavy vans, which 
sank through the cobbles about 8 ins. 
just off the main road. It recovered, 
however, in excellent form after it had 
been jacked up and after runners had 
been put down. 
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The fourth day’s trials were favoured 
again by lovely weather. The hill-climb- 
ing necessary on some portions of the road 
to Blackburn was, performed by nearly all 
the motors in splendid style, as had been 
foreseen after the success of the ascent of 
Everton Brow on the first day. Owing to 
a somewhat later start than the hour 
mentioned in the programme, some of the 
vehicles making their appearance not 
before 10, instead of at 9.15, the terminus 
was not reached until towards two o’clock, 
which, however, under the circumstances, 
ought to be called good time. The 
stipulated task was performed without any 
noteworthy incident. 

The concluding trials on the fifth day 
continued under the same favourable con- 
ditions of weather, and altogether the 
competition must be called a thorough 
success, for, notwithstanding the great 
number of rather difficult gradients on 
the road from Blackburn to Liverpool, 
the vans undoubtedly acquitted them- 
selves worthily. The tests of the last 
of the five days produced the conviction 
in the minds of all who witnessed them, 
that the self-propelled motor lorry offers, 
under certain conditions, considerable 
advantages over transport by railway. 
Among the goods sent by Blackburn firms 
to Liverpool were two loads of agricultural 
machinery for shipment at the Alexandra 
Docks by five o’clock, and the motors 
carrying them arrived in ample time. 

Motor vehicles for heavy traffic have 
an important place to fill in the economy 
of modern life. Both in times of peace 
and in periods of war the occasions on 
which such vehicles answer to a distinctly 
felt want are numerous. The transport of 
provisions and munition over difficult 
roads, and through countries in possession 
of hostile troops, renders dependency 
upon animal traction somewhat risky. 

There are many countries where it is far 
easier to obtain a supply of water and fuel 
for heating the water in order to raise 
steam, than it is to obtain food for horse or 
cattle. To these countries, as Sir John 
Alexander Cockburn, at the Liverpool 
banquet on the first day of the recent 
trial of heavy-traffic motors, stated, belongs 
Australia, and such regions are to be found 
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in abundance in many parts of the globe. 
Steam motors, of course, are, for the 
present, the most suitable type for use in 
unknown districts, since water and some 
kind of fuel are among the natural 
resources most readily obtainable. It is 
not impossible, however, that science at 
an early date may enable man to form by 
synthesis some compound that can be 
reduced to a minimum of space to be 
expanded to a maximum of volume for 
the purpose of propelling a piston. A 
very important service, probably, which 
we may expect in future from motor 
vehicles for heavy traffic, will be no doubt 
the transport of agricultural or mineral 
products from districts where they are 
obtainable in abundance to the nearest 
railway station. By the creation of trans- 
port facilities, many parts of the British 
Empire, in the United Kingdom as well 
as in the Colonies, might be changed from 
comparatively useless districts into centres 
of great wealth and prosperity. If any- 
thing .could be done to restore British 
agriculture to a tithe of its former import- 
ance it would be the establishment of 
suitable transport facilities in neighbour- 
hoods where the building of a railway 
would not pay, and motor cars constructed 
for heavy loads are unquestionably the 
most suitable alternative. More important 
yet, however, in view of the energetic 
activity on the part of our competitors in 
the steel and iron industry, will be the 
role of such vehicles in remote districts in 
our Colonies, where iron ore exists in 
abundance, but where, just as in the case 
mentioned, the building of a railway would 
be too expensive.. In many of these 
districts the construction of roads suitable 
for motor traffic would be comparatively 
easy and require but a small outlay of 
capital ; and if a type of motor-vehicle for 
carrying ore could be designed strong 
enough to survive some rough treatment, 
these districts might soon be in a position 
to contribute a substantial share for the 
building of a permanent track over which 
motor cars could pass with considerably 
less expenditure of power. 

For the above objects, as well as for 
many others, the heavy-traffic motor is 
sure to be sooner or later employed, but 
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it is obvious that one and the same type 
will not answer equally well for all cases, 
and motor-builders will do-well to carefully 
adapt their vehicles to the conditions 
under which they intend them to be used. 
In order to do this, however, intelligently, 
it is important for them to obtain as many 
data as possible from reliable sources, 
indicating which type of wagon and 
which method of power transmission is 
best suited for each special object. For 
this reason the five days’ trial organised by 
the Liverpool centre of the Automobile 
Club of Great Britain and Ireland must 
be considered as an event of the utmost 
value for the development of the motor 
industry in this country, and its organisers 
deserve great credit for the careful pro- 
gramme drafted by them. The data 
gathered during these trials, once that 
they have been fully analysed and 
classified, will be an extremely valuable 
source of information for all interested in 
an industry which, after the obstacles 
placed in its way by injudicious legisla- 
tion have been removed, promises to 
occupy the same important place in this 
country that it occupies already on the 
Continent, notably m France, and in the 
United States. 
ad pf 


British vy. American 
bocomotives. 


PERHAPS the most important of recent 
contributions to the controversy regarding 
American competition has been Lord 
George Hamilton’s letter to Sir~ Alfred 
Hickman, M.P., and the latter's note- 
worthy reply, followed _ by © statements 
regarding the inefficiency of American 
locomotives on the part of the super- 
intendent of the locomotive department 
of the Midland Railway Company and 
Sir Ernest Paget, its chairman, which 
soon elicited corroborative evidence from 
railway experts in France. Although we 
have no doubt whatsoever concerning the 
bona fides of Lord George’s view on the 
subject, and although, moreover, we con- 
sider his warning addressed to British 
engineers, with the object of impressing 
upon them the very real danger of 
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American competition, not only sincere, 
but very opportune—for, as we have 
repeated again and again, we must change 
our methods if we desire to. ward off- this 
danger—-we cannot but assume* with 
Sir Alfred Hickman that the Secretary of 
State for India must have been misled by 
his subordinates ; otherwise he could not 
have helped knowing what has been an 
open secret to all interested in the subject, 
namely, that American locomotives are 
greatly inferior, as regards economy, 
efficiency and durability, to those built 
in our-own country. Speedy delivery, 
due to the fact that the constituent parts 
are always kept in stock, and apparent 
cheapness of price—apparent, we say, 
because what is inefficient can never be 
really cheap—are the only features that 
under exceptional conditions can justify 
their purchase by countries that produce 
a better article, and even this cheapness is 
due only to the entirely abnormal con- 
ditions prevailing in the United States 
which permit American manufacturers to 
overcharge the home consumers and to 
dump upon our own markets, if necessary 
even below cost-price, their surplus. stock. 

As our readers know, from the views we 
have expressed in our May issue, in the 
article on the “Evils of Indiscriminate 
Competition,” we are fully aware that the 
manufacturers of the United States have 
at their command natural resources un- 
equalled anywhere on the globe, which 
must secure to them a full share of the 
fruits to be derived from the transforma- 
tion of raw products into marketable 
commodities, not only in their own 
centres of consumption, but also abroad. 
We have strongly emphasised the fact, 
and the sooner it is realised by our 
exporters the better, that, in future, it 
will be quite impossible for England to 
monopolise the iron and steel trade of the 
world. We have also insisted, however, 
upon another fact of equal importance, 
nameély, that, even granting that everything 
militates against our resuming our former 
monopoly, it will be equally impossible 
for any other nation to usurp it, for the 
age in which we live is no longer suited 
for an industrial hegemony, and they, like 
ourselves, will have to be satisfied with a 
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share of the world’s trade. Finally, we 
repeat what we then said, namely, that 
whatever the future may have in store for 
us, as long as we cultivate those personal 
qualities to which our race owes its 
phenomenal success in the past, Ze. 
courage, perseverance, and honesty, we 
need fear no antagonist, and will be able, 
not only to hold our own, but to increase 
our sphere of activity and to participate to 
the fullest degree in the further progress 
of mankind. 

Important as the possession of natural 
resources may be for industrial success, a 
good name is equally so; and the fact 
that- the characteristics of our race 
leave their stamp upon manufactures of 
British origin, which all over the world are 
recognised as conscientiously made, care- 
fully finished and thoroughly reliable, is of 
greater value to us in our endeavour to 
secure new markets than any advantages 
derived from the wealth of the soil could 
be. Our American friends, although 
deservedly enjoying a high reputation for 
ingenuity and energy, have so far failed to 
establish a name for reliability and care- 
fulness, and as long as they continue to 
send. all over the world -articles that, 
though at a first glance attractive in 
appearance, will not bear close inspection, 
they can hardly hope to secure permanent 
success, even by selling cheaper than the 
lowest prices honestly possible. Sooner 
or later their customers realise that they 
have paid dearly for their cheap bargains, 
for an inefficient or imperfect article is 
never cheap, and becomes frequently the 
cause of serious losses to its owner. 

It is for this, if for no other reason, that 
those who, like Sir Alfred Hickman, pro- 
test against orders’ being given by British 
Government officials to American makers, 
deserve our gratitude. It is certainly 
Strange that those who gave the orders 
should not have known beforehand what 
is known to everybody who has any know- 
ledge of American men and methods. In 
the United States scarcely anything is 
built or constructed to last, and every- 
thing, from a garden-fence to a railway 
track, bears the impress of being a make- 
shift, good enough to last until something 
better turns up. 
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Far from considering the question of 
economy, both the American manufacturer 
and his customer seem to flaunt before 
our eyes the parvenu’s motto: ‘“ Money is 
no object.” ‘This being so, it is certainly 
undesirable that public money should be 
spent in the acquisition of articles that do 
not fit into our more sober and healthier 
conditions of life, and officials who en- 
courage or connive at such acquisition 
cannot blame their critics for suspecting 
them either of incapacity or knavery. 

When Sir Alfred stated in his letter that 
in the official reports the Indian Govern- 
ment had been informed that the Ameri- 
can (Baldwin) engines used 35°5 per cent. 
more fuel per train mile, and 23°5. per 
cent. more per vehicle mile than British 
engines, some persons disbelieved, or 
appeared to disbelieve, his statement. 
Since then, two of the best-informed 
officials of the Midland Railway have 
made it publicly known that the American 
engines tested by them required 20°28 per 
cent. more fuel, 50 per cent. more oil, and 
also a 50 per cent. greater expenditure for 
repairs than engines built in our country. 
These facts are, according to our contem- 
porary the Dazly Maz/, whose information 
on the matter we have no reason to 
doubt, recognised also by French railway 
experts, and they have been in possession of 
the German authorities for many months. 

Is it, under these circumstances, not 
high time for the technical and daily press 
to use all their influence in order to secure 
to British manufacturers all orders that 
they are able to execute, even if they 
should demand a somewhat. longer time 
than their competitors, who, though ready 
to furnish what is wanted in a few weeks, 
supply an inferior article? As far at least 
as we are concerned, we shall not cease to 
repeat our ceferum censeo as long as this 
injustice to our manufacturers is counten- 
anced, and we feel convinced that our 
protest will not be in vain. 


a» 


‘The Mono-Rail Bill. 
Nosopy would welcome more sincerely 


than ourselves the successful construction 
of an electric high-speed railway in this 
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country at the earliest possible date, for 
other countries ate seriously contemplating 
the inauguration of such a scheme within 
their own borders, and it would give us 
great satisfaction to see England for once 
in the van in some important electric enter- 
prise, were it only “to break the spell” 
that hitherto has forced upon us the rdle 
of remaining mere “ lookers-on,” while the 
United States and the Continental nations 
are actively engaged in establishing a 
monopoly for themselves in the utilisation 
of that great form of energy which owes its 
very name to one of our own countrymen 
and received its earliest scientific develop- 
ment on British soil. But, notwithstanding 
all this, we cannot give our honest support 
to the Manchester- Liverpool mono-rail 
scheme, which, we believe, is not suited for 
the purpose for which it is intended, and 
which, if it ever should receive parlia- 
mentary sanction—which, notwithstanding 
its preliminary success in the House of 
Lords, it is not likely to receive, at least 
not in its present form—is almost certain 
to meet with failure, jeopardising thus, 
instead of aiding, electrical progress, by the 
prejudice that it will create against future 
ventures in the same line. However 
much we may admire Mr. Behr’s energy 
and pertinacity, and however willingly we 
may give him credit for his formér achieve- 
ments, we have the good name of British 
industries too much at heart to see it dis- 
credited with equanimity by what appears 
to us to be a scheme not sufficiently 
matured to deserve the investment of large 
sums which can more profitably be invested. 

There is no doubt that to obtain a 
speed of 110 miles per hour on an electric 
railway is quite within the limits of modern 
electrical engineering, and even a velocity 
of 150 miles per hour appears not to be 
an over-ambitious aim to some of the best- 
informed Continental electricians ; but such 
speeds are dependent upon very definite 
conditions, and there is nothing to show 
whatever in the scheme outlined by Mr. 
Behr, in his lectures and in his statements 
before the parliamentary committee, that 
these conditions are fulfilled, while there 
is very strong prima facie evidence that the 
mono-rail system is quite unfitted for 
obtaining anything like the speed aimed at 
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with safety to the passengers on so short 
a line as that which the inventor has under 
contemplation. It would have been suf- 
ficiently ambitious had Mr. Behr aimed 
at the construction of an ordinary electric 
line in which the train should speed along 
at the rate of rro miles an hour. Had he 
succeeded in reaching this aim before any- 
one else, his name would certainly have 
found a permanent place in the list of 
those to whom are due the great engineer- 
ing achievements of our modern era of 
progress ; but he has hardly been wise, or 
well advised, in complicating his enter- 
prise by an entirely untried and hazardous 
system which bristles with unnecessary 
difficulties, for the solution of which he 
cannot refer to his experience, for the small 
mono-rail lines heretofore built by him 
establish in no way a precedent to his 
Manchester-Liverpoo! project. 

Some of his supporters must have shared 
our opinion, as is indicated by the original 
provision in the draft of Mr. Behr’s Bill 
permitting him to select instead of the 
mono-rail scheme that of an electric line 
of the common type. This provision, it is 
true, has since been withdrawn, but the 
sacrifice of this clause was prompted rather 
by anxiety to get the Bill accepted at all 
hazards, and to remove some of the oppo- 
sition to it, than by sober judgment. 

The statement that Mr. Behr’s scheme 
is merely a novelty as a commercial enter- 
prise, and nct otherwise, appears not to be 
in accordance with facts, for, to our know- 
ledge at all events, there has never been 
an electric line built before in which 1500 
indicated horse-power is transmitted a 
distance of 18 miles over its conductors, 
which is the minimum required for the 
Manchester - Liverpool scheme, whether 
power stations be built at both of the termi- 
nals or one only half-way between either of 
these towns. What method of transmission 
of the current to the cars, moreover, is to be 
selected is somewhat of a mystery, for not 
one of those known in practice appears 
applicable. Toattempt a transmission by 
the ordinary overhead line and trolley 
would clearly be absurd where a speed of 
110 miles per hour is to be attained. 
Equally impossible would be the use of the 
slipper system, for the difficulties of this 
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method occur even at very low speeds, and 
the slipper has_to be heavily weighted or 
pressed down by springs to avoid sparking 
even where the rate of travel does not 
exceed from 20 to 25 miles per hour, 
and the pressure required to keep the con- 
tact secure at a greater speed, not to men- 
tion even 110 miles per hour, would cause 
a heat quite sufficient to fuse the shoe. 

if the mono-rail—so-called, it seems, on 
the principle of Zucus a non lucendo, since 
in Mr. Behr’s “ one-rail” system there are 
at least five rails, if we add to the main 
rail the four guide-rails, two of each being 
placed on either side of the A frames—is to 
be used as conductor, from which the 
wheels, in that case, would pick up the 
current in order to transmit it to the 
motors, while the guide rails would con- 
vey it back to the power-house, the diffi- 
culties to be overcome increase in magni- 
tude. To mention one of them only, how 
in that case are the perils arising from 
insufficient insulation to be avoided—for 
we must bear in mind that the A frames 
carrying the conducting rails are of steel 
resting on cement foundations? Since, 
then, neither trolley nor slipper system 
can properly be used for transmitting the 
current, and since the chief rail—which, by 
the way, has to support a car of 50 tons 
weight, running on the top of steel frames 
—cannot be isolated, there remains nothing 
but to. use a sixth auxiliary rail in this 
“‘mono-rail” system as conductor; and 
this plan, to judge from his former work, 
seems to have been kept in mind by Mr. 
Behr when framing his new scheme. 

In Brussels, in 1897, he exhibited a full- 
size model railway of the mono-rail type, 
in which a current at a tension of 750 volts 
was used to provide the motive power. 
This current was transmitted by means of 
an auxiliary isolated rail attached to the A 
frames, somewhat over half a foot from 
the ground, and tapped by a small wheel 
running along it. Such an arrangement, 
however, would hardly meet with favour 
on the part of our Board of Trade, and, 
consequently, either the dangerous high 
voltage would have to be reduced, or the 
conductor would have to be so placed as 
not’ to imperil the lives of some careless 
outsiders coming accidentally in contact 
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with it, or of the men charged with the 
maintenance and the repairing of the line 
—problems that, if under the given con- 
ditions they can be solved at all, require 
for their solution more time and labour 
than those who drafted the Bill appear to 
have given to them. 

There are other problems, however, of 
equal, or even greater, importance, among 
them that of placing the motors. The 
proper place for them would, of course, 
be on the axles of the car-wheels ; but as 
they weigh 16 tons in all, they would 
bring the centre of gravity higher than 
12 ins. below the rail, the minimum depth 
to which Mr. Behr is pledged by the 
terms of the Bill. Moreover, one of the 
very reasons given by Mr. Behr for select- 
ing the mono-rail system in preference to 
any other is the security given to the cars, 
running at a speed of 110 miles an hour 
or more, by being so suspended as. to 
have their centre of gravity considerably 
lower than the level of the rail on which 
they are running. There remains, there- 
fore, no other alternative than that of 
placing the motors below the rail on 
either side of the car and to transmit the 
power by chains or by means of gearing. 
But is it possible to find space for four 
motors of the required size, z.e. 375 h.p. 
each, in such a position? We very much 
doubt it, though perhaps motors of about 
a third of that size might be so placed. 

As regards the difficulty of transmission 
itself, however, be it by means of chains 
or of gearing, we think the discovery of a 
method successfully removing it more than 
problematical. Considering the speed of 
the axle, which is to be 720 reyolutions 
per minute, and the fact that the chain- 
wheel, owing to the limited space, can 
hardly be more than a foot in diameter, 
the chain would have to travel over 
2,000 ft. a minute. An attempt to trans- 
mit the horse-power above given at this 
rate must certainly be looked upon asa 
novelty ; but however novel the idea may 
be, it is not likely that any engineer less 


sanguine than Mr. Behr will be ready to 


stake his reputation onits success. The 
same must be said of a proposal to trans- 
mit the power by gearing; for not only 
would the teeth wear out so rapidly as to 
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require constant repairing, not to speak of 
the intolerable noise that would be caused 
by such a method of transmission, but 
breakdowns would be likely to occur at 
almost any moment. 

Among the causes mentioned by the 
inventor for selecting the mono-rail system 
in preference to an ordinary electric 
line is the facility with which, in -his 
opinion, curves of from 30 to 37 chains 
radius could be rounded, owing to the 
low centre of gravity of the cars. This 
view, however, appears to find no favour 
in the eyes of the majority of practical 
engineers ; and the safety of the cars and 
passengers on such curves would certainly 
be very doubtful unless the structure were 
to be tilted and the speed to be con- 
siderably reduced. Even if the centre of 
gravity of the cars should be maintained 
at least one foot below the mono-rail—a 
success not likely to be achieved if the 
requisite power is to be maintained—there 


is considerable danger of accidents of a- 


serious nature occurring on a track such 
as Mr. Behr proposes to build. True, the 
car would not topple over, but the ten- 


dency of the flange of the driving-wheel 
to jump the rail on curves of such short 
radius would remain; and, as there is no 
provision made for such an event in Mr. 
Behr’s track—such, for instance, as the 
super-elevation of the outer rail—the con- 


sequences would: be serious. The safe 
limit of speed for mono-rail cars on such 
short curves appears to be that reached 
by the Brussels line, where the run is 
limited to 83 miles an hour. At a speed 
of 110 miles one cannot but assume that 
the car must leave the rail on curves of 
from 30 to 37 chains radius ; at all events, 
we feel disclined to accept Mr. Behr’s word 
for the contrary, for his judgment is biassed 
by the fascination that the mono-rail 
system exercises upon him. 
Another of the great difficulties to be 
met by Mr. Behr in his proposed mono- 
rail line between Manchester and Liver- 
pool is the problem of keeping the cars 
under sufficient control by means of brakes, 
to stop them, if desired, within a reasonable 
amount of time and within a reasonable 
distance. We cannot but adhere to our 
opinion expressed on a previous occasion, 
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that the distance required to bring the 
cars to a stop will, on a line of 34 miles, 
represent far too high a percentage of the 
total distance, to render the ordinary 
method practicable. Still, opinions seem 
to be divided on this subject, and we have 
given above other reasons quite sufficient 
in themselves to confirm us in the convic- 
tion that Mr. Behr’s scheme is imprac- 
ticable, and burdens the problem of con- 
structing a high-speed electric line, which 
requires the best engineering knowledge 
and commercial judgment for its success- 
ful solution, with apparently insurmount- 
able obstacles of quite a gratuitous nature. 
The’ facts that have come to light 
during the parliamentary enquiry leave 
but little doubt that mono-rail lines, how- 
ever interesting to the public in conse- 
quence of the unusual appearance of cars 
and track, and however economical and 
efficient under special condit ons, have 
their natural limits, which it would be very 
unwise to transgress by a risky experiment 
at a time when failure is so dangerous in 
its consequences as at the present moment. 
For this reason alone, if net for the other 
above-mentioned facts, we cannot express 
much satisfaction at Mr. Behr’s temporary 
success in the House of Lords, however 
much he deserved it by his energy ; nor do 
we deny that the anticipated failure of the 
Bill in the House of Commons will not 
much distress us, since the final defeat of 
the scheme will be in the best interests of 
the public at large, however disappointing 
it might be, for a short space of time at 
least, to Mr. Behr and his supporters. 


Aa 
Some Economic Aspects 


of the War. 


ALTHOUGH much has been said (with- 
out, perhaps, thorough reflection) about 
the effect of the South African War on the 
price of coal, there is a pretty general feeling. 
of surprise that, in spite of wars, actual 
or probable, the trade of the country 
and of the world has been, and still is, 
so prosperous. A popular belief prevails 
that one invariable economic effect of 
war is to raise prices. It is true that 
the prices of most staple commodities 
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are still at a higher level than in recent 
years, but prices were on the rise before 
hostilities began, from causes wholly un- 
connected with South African affairs, and 
they have been tending downwards since 
the outbreak in China. The Spanish- 
American war had very little effect on 
anything except the price of sugar—and 
to some extent on freights, in consequence 
of the large transport tonnage employed 
by both belligerents. Yet this was a case 
distinctly illustrating one most important 
aspect of war—the severance of com- 
mercial relations between the contestants. 
In this case, too, each belligerent was a 
great commercial State. 

Another economic effect of war is the 
destruction of property and the pecuniary 
loss inflicted on each other by the com- 
batants. This was very marked in the 
Franco-German and Russo-Turkish wars ; 
but we saw little of it in the Spanish- 
American war. America is too rich to be 
put either up or down by anything that 
happened im Cuba or the Philippines ; 
and Spain has actually benefited by being 
relieved of possessions that had been long 
draining both her life-blood and her purse. 
One curious and wholly unexpected result 
is that since she lost her colonies Spain 
has: begun to develop her mercantile 
marine in a quite remarkable manner, the 
capital which formerly found an outlet 
in the Colonies now seeking employment 
in shipping. And this new development 
on the part of Spain hardly accords with 
Adam Smith’s general principle—that 
industries flourish greatly in time of war 
and decline on the return of peace. ‘Two 
conclusions, however, may be accepted 
with regard to war: that a neutral pro- 
ducing country must obtain some ad- 
vantage by the enfeebling of two or more 


of its competitors at war with each other ; - 


and that the weakening of any State by 
war must be’ an ultimate disadvantage to 
the whole commercial world. 

How, then, do we stand as regards the 
war in South. Africa? The more one 


considers the position the more will it be 
seen how wholly different it is from what 
we have been accustomed to expect from 
international conflicts. It is a disturbance, 
rather than a contest between two rival 
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nations. It is, economically speaking, 
more analogous to the conflict between 
the Northern and Southern States of 
America than to that between France and 
Germany ; yet it is wholly dissimilar from 
both, and of smaller dimensions than 
either, whether in respect of the number 
of people engaged or the commercial value 
of the country involved. And it is also 
vastly different to, and greater than, the 
affairs of Imperial policing that Britons 
are wont to speak of as “ little wars.” In 
short, it is neither an international conflict 
nor a civil war; and yet while not a war 
of the first magnitude, it has practically 
engaged the whole population and sus- 
pended the whole industry of one of the 
belligerents. 5 

In order of importance the consequences. 
are—first, as regards South Africa ; second, 
as regards the British Empire ; and third, 
as regards the British taxpayer. And in 
respect of the first consequence, it is to 
be remembered that this war has done 
what probably no other war has ever done 
—stopped the whole industrial production 
ofa country. This is practically what has 
happened in the Transvaal, where gold- 
mining.not only supported the population 
of the Rand, but also provided the expendi- 
ture of the Government, and where every 
burgher has been during the course of the 
contest called from his farm to the front. 
Take the annual value of the produce of 
the gold-mines as £20,000,000. That has 
been virtually all suspended for eighteen 
months, and it will be months yet before 
production can be fully resumed. It is not 
the war but the action of the late Transvaal 
Government that is responsible for this, 
because the war did not prevent diamond- 
mining from being carried on in the 
Orange State, even during the siege of 
Kimberley. Coal-mining, however, was 
interrupted both in Natal and in Cape 
Colony by the invasion of the Boers, and 
there must have been considerable losses 
in connection with colliery plant, the flood- 
ing of mines, and so forth. 

Against the losses caused by the 
stoppage of these industries must be 
placed the gain to the peaceful inhabitants 
through the immense market created for 
food and other products, and for labour 
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in connection with the army of occupation. 
The cost of that army may or may not 
be recovered in part from the Transvaal ; 
but, whether or not, it will not fall upon 
those who have gained, and are gaining, 
out of the war expenditure. And here 
again the Transvaal is at an economic 
disadvantage. ‘The war has sent a lot of 
money, into the African colonies and into 
the Orange State for circulation there, but 
the Transvaal has been sending away, 
instead of receiving, money, and has been 
living on its capital. It is open to 
argument, perhaps, that the Boer popu- 
lation are individually no poorer through 
the war—that if they have not been 
earning, neither have they been spending-— 
and that the farms. will have suffered 
little from the absence of male labour. 
Clearly, however, taking South Africa as a 
whole, it is difficult to say whether there 
would be an actual loss or a small profit 
shown were a balance struck between the 
loss through suspension of the mining 
industries and the gains from the new 
business of army purveying. The loss of 
interest on capital invested in the mines 
falls, of course, upon the shareholders in 
Europe—only to a small extent on South 
Africa. 

This loss of interest is one of the con- 
sequences to the British Empire — though 
not falling upon it exclusively, since much 
capital is also invested in the mines by 
America, France, and Germany. Next, 
there is the interruption of the regular trade 
between the Mother Country and Colonies 
and South Africa. It is in itself a con- 
siderable business, though a comparatively 
small item in the total volume of Imperial 
trade ; and against it may be placed the 
large employment of shipping at rates 
more remunerative than those in the 
everyday ocean-carrying trade. The cost 
of the regular army cannot be placed on 
the debit side of this war account (except 
with regard to transport, which we have 
already considered) because the army 
must be maintained somewhere. 

The employment of the Reserves, 
Militia, and Volunteers, however, not only 
represents a loss caused by the war, but 
the calling of them out for service to some 
extent depleted the labour market, and 


‘up the country. 
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raised the rates of wages, and therefore 
the costs of production at home. Sir 
Robert Giffen, in a recent communication 
to the British Economic Association, 
calculates that the labour of these 120,000 
Reservists and Volunteers may be taken as 
worth on the average £80 each per 
annum to themselves and the community. 
This means a loss at the rate of 
£10,000,000 per annum, so long as — 
these men are diverted from their regular 
industry. Sir Robert Giffen also esti- 
mates a loss equal to nearly £ 20,000,000 
per annum by the abstraction of _about 
200,000 other people from ordinary civil 
occupations for the business of making 
things for those engaged in the actual 
fighting. For ourselves we cannot accept 
this estimate as loss. It is simply diver- 
sion of labour—the making of things that 
are wanted, and the suspension of the 
making of things that are not wanted, for 
the moment. By his method of esti- 
mating the loss by the abstraction of 
people from industrial pursuits, Sir Robert 
Giffen computés the economic loss of the 
war to the British Empire at £ 30,000,000 
per annum. For the reason just stated 
we would not place it at more than 
20,000,000. 

As for the financial results, so far as 
the Exchequer and the tax-payer are 
concernéd, they will doubtless consider- 
ably exceed the 150 millions stated by Sir 
Michael Hicks-Beactrin his accounts at the 
end of the fiscal year. This, of course, is in 
addition to the loss to the community in 
South Africa and in the Empire generally. 
But it is not an excessive sum in propor- 
tion to our resources, and in return for 
it we shall have peace in South Africa, 
and a permanent outlet for British and 
Colonial energies in vigorously opening 
The British tax-payer, 
however, has to remember that he has 
not only the cost of the war to bear (less 
the very doubtful measure that may be 
recovered from the Transvaal), but that 
one result of the war has been to expose 
weaknesses in the cure of which his 
burden will be permanently increased. 
This, though a consequence of the war, 
cannot be regarded as one of its economic 
effects. 





“We are, in the vastness of our possessions, losing our grip on national sentiment. It is our duty to 
maintain intact, and to defend by sea and land, all that our empire builders have left us. The day that 
sees the defence of the British Empire sapped, sees the disintegration of the Nation’s trade and the hands 
of civilisation’s timepiece put back 200 years.”—Rt. Hon. Lorp Cuar.es Beresrorp, C.B. 
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The Ninth Jubilee of 
Glasgow University. . . 


WE desire to add our congratu- 
lations to the hundreds which have been 
presented to the University of Glasgow 
during the last month, on its celebrating 
the 450th anniversary of its foundation. 
In all departments of learning its record 
is sufficiently remarkable to deserve hearty 
congratulations, but in those departments 
with which our readers are specially 
concerned—science and _ engineering— 
there are few, if any, universities which 
can claim to have produced such brilliant 
pioneers and men of eminence as the 
University of Glasgow. In this respect it 
has been fortunate in its situation. 
Unlike the two great English universities, 
which have, so to speak, cut themselves 
off from the world and its activities, it 
has been set up in the heart of a city 
which has become one of the greatest 
industrial centres of the world and_ the 
cradle of our shipping industry. The 
university has become part of the life of 
the town, sharing in the fortunes of its 
industries, and training up its sons to take 
their places in carrying them on. The 
world has not forgotten that, had it not 
been for-the University of Glasgow, the 
name of James Watt might have remained 
unknown, and the development of the 
steam-engine at least delayed. Opposed 
by the city guilds when he desired to set 
up business in the town of Glasgow, 
on the ground that he was neither the son 
of a burgess nor had served an apprentice- 
ship to a craft in the city, Watt would have 


been compelled to go elsewhere to make 
a living, had ‘not the university taken him 
within its precincts, where the city had 
no jurisdiction, and allewed him to 
use a room in the buildings as a shop. 
This action resulted in Watt, who was an 
instrument-maker, having his attention 
directed to the steam-engine, on being 
called upon to repair a model of a New- 
comen engine for the Professor of Natural 
Philosophy ; and then began that long 
series of experiments which culminated in 
the brilliant inventions associated with his 
name. At the time when Watt started 
work in Glasgow, Robert Simson, whom 
Lord Brougham aptly termed “the 
restorer of the science of geometry,” was 
Professor of Mathematics, and Joseph 
Black, the chemist and discoverer of 
the principle of “latent heat,” was 
Lecturer in Chemistry. Both of these 
men had been students there before they 
becamie professors. 

Coming to the nineteenth century, the 
names we meet with are equally famous. 
We find that a Chair of Engineering is 
now created—the first in the country— 
and that an early occupant is Macquorn 
Rankine, who did more than any other 
to lay down the true principles on which 
our science of engineering is based.- He 
was succeeded by James Thomson, whose 
fame would be greater than it is 
but for the fact that he had an even more 
illustrious brother. William Thomson, 
now Lord Kelvin, was brought up from 
early childhood within the walls of the 
university, where his father was Professor 
of Mathematics, and entered the classes 
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at a very early age. Later he went to 
Cambridge, but soon returned to Glasgow 
as Professor, and a colleague of his father, 
and for fifty-two years continued to lecture 
on that science which owes so much to 
his genius. ‘The names of Kelvin and 
Watt are in themselves sufficient to give 
the university a high place of honour. 
Some years ago, a Chair of Naval 
Architecture was added to the university ; 
and surely no place could be more 
appropriate for such a Chair than the 
homé of shipbuilding! Dr. Elgar was 
the first occupant, and was succeeded by 
the late Professor Jenkin. At the present 
time a serious effort is being made to 
expand the scientific departments still 
further by instituting new lectureships and 
erecting new and modern laboratories. 
The new Carnegie gift will, no doubt, 
greatly help to the achievement of this 
object. Thus, this Scottish university 
shows its determination not to be left 
behind in the fierce competition of the 
present day, and, while congratulating it 
on its splendid record in the past, we wish 


it full success in maintaining its honour- 
able position through the years to come. 


¢ 


The National Physical Laboratory . . . 


It has long been a matter of reproach 
to our Goverhment that it has done little 
or nothing to assist the development of 
native industries by providing means for 
efficiently carrying out the scientific and 
technical research so urgently required in 
many directions, 

It is true that much has been done by 
the private efforts of enthusiastic workers, 
who have been content with the merest 
pittance to satisfy the bare necessaries of 
life. Many of the greatest of our workers 
in the field of scientific discovery have had 
to waste much of their invaluable time in 
the thankless labour required to provide 
even such a pittance. Others give their 
work in expectation of substantial reward 
from patents in the event of success; but 
it is not everyone who can find the means 
of carrying out expensive investigations in 
view of a very problematical return. 

Manufacturers in this country are not 
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on the look-out for improvements. Most 
often those who direct the concerns which 
would be benefited by their adoption 
are not capable of judging for themselves 
in a matter which probably involves costly 
changes. The result is that almost the 
sole avenue through which new inventions 
and improvements can be placed on the 
market is the company promoter, and it is 
a matter now of common knowledge how 
heavily handicapped by his demands are 
the few which survive the ordeal. 

Improvements which would be of the 
greatest value to our industries are lost to 
the community if they are not of a kind 
to provide sufficient inducement to the 
promoter. 

In Germany, as we are finding to our 
cost, the heads of commerce are more 
capable and more enterprising, and there- 
fore the country could better afford to 
dispense with state assistance than we 
can. 

The German Government does not, 
however, on that account, leave its 
country’s industries without the assistance 
which a Government is in the best position 
to afford. Countless instances of this may 
be adduced, as most of our readers are 
aware, but the only one with which we are 
at present concerned is the establishment 
and maintenance of the Physikalische- 
Technische Reichsanstalt in Berlin. It 
would be difficult to over-estimate the 
benefits which this world-famed institution 
has already conferred on German manu- 
facturers. 

At last, we are glad to say, our own 
Government, thanks to the unremitting 
and long-continued efforts of a few far- 
seeing and patriotic workers, has decided 
to inaugurate, upon a tentative and experi- 
mental scale, a National Physical Labora- 
tory modelled on the lines of the great 
German institution. 

The grounds of a Royal estate at 
Bushey Park, with the spacious buildings 
of Bushey House, have been presented 
for the purpose, and in a very few months 
the institution is expected to be in work- 
ing order under the direction of Dr. 
Glazebrook, who has recently expounded 
its aims and objects in an able Friday 
evening discourse at the Royal Institution. 





Editorial Opinion. 


Various subjects of great importance to 
engineering, manufacture and design were 
mentioned in Dr. Glazebrook’s discourse as 
forming suitable subjects for investigation. 
We understand that it is the intention 
of the Laboratory Committee to begin 
work on a couple of these to start with. 
In this they are wise, for the funds pro- 
vided at present are extremely restricted 
in amount, the Government apparently 
regarding the scheme entirely as an experi- 
ment, and its issue will, from the point of 
view of the Administration, be considered 
a success as soon as the practical results 
obtained are of a character to ensure 
Parliamentary approval of further expendi- 
ture. ‘ 
The proposed concentration of the re- 
sources ‘of the new institution on a couple 
of highly practical subjects of research 
would indicate that the Committee are 
attaching to this consideration the weight 
which is its due, and appears to us to 
augur well for the prospects of the scheme 
developing into something worthy of its 


title, whether regarded from the point of: 


view of its resources or of its achievements. 


in Honour of Bunsen. . . 
At the eighth meeting of the 


German Electro-Chemical Society at 
Freiburg this year, Professor Ostwald 
of Leipzig, one of Germany’s most dis- 
tinguished chemists, paid an eloquent 
tribute to the memory of Robert Bunsen, 
and to the magnificent work of the great 
scientist to whom both science and 
industry owe so much. In concluding 
his remarks, Professor Ostwald pointed 
out that one of the characteristics of 
Bunsen’s method has been that, though 
starting from a definite point, he ventilated 
the given problem from all possible 
aspects, and inquired into its various 
relations with other cognate branches of 
knowledge, nor was he satisfied with 
finding an answer in one way only, but 
tried various ways in order to check his 
calculations, and see whether the results 
arrived at would be identical. This 
method, according to Professor Ostwald, 
rendered very clear the important truth 
that it is impossible nowadays to grasp 
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any scientific subject thoroughly unless 
we are fairly acquainted with the prin- 
ciples of at least those other branches of 
science that are closely related to our own - 
specialty. In the speaker’s opinion, it 
was necessary that electro-chemistry should 
establish in future closer relations with 
other branches of chemistry, as well as 
with. physical science. It was Bunsen 
who once made the remark, that “a 
chemist who is no physicist is nothing,” 
and it was Bunsen also who constantly 
kept in mind. the practical side of scientific 
studies, and pointed out the duty of 
making industry profit by the discoveries 
of science. Prof. Ostwald suggested that 
the German Electro-Chemical Society 
should in future expand its programme, 
so as to make it embrace the whole realm 
of physical chemistry, and pursue as a 
distinct aim the establishment of closer 
relations between science and engineering. 
This change in the society’s aims should 
be indicated in future by its title, and the 
choice of a title had, according to his own 
words, given him considerable difficulty in 
the beginning. Thus, for instance, “the 
German Physico-Chemical Society” would 
give no hint of its aims with reference to 
engineering. Strictly speaking, the best 
title would be, “German Society for the 
Cultivation of Physical Chemistry, both 
Scientific-and Technical;” but, of course, 
this would be an impossible title owing to 
its uncouth wording and length. At last 
the idea occurred .to him to select the 
title, ““German Bunsen Society,” which 
would show in the most lucid manner the 
true aims of the institution, and help to 
gather into its folds just those whom the 
society should like to include among its 
members. - Professor Ostwald’s suggestion 
was received enthusiastically by all present, 
and would have been adopted unanimously 
by acclamation, had the statutes permitted 
this method of changing the original title 
of the society. There will, however, be 
a special meeting of the society called 
in connection with the annual meeting of 
German Naturalists at Hamburg this 
summer, in order to make the required 
change, and from that date the German 
Electro-Chemical Society will be known 
as the German Bunsen Society, a name 
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that will undoubtedly be a constant 
reminder to its members, to pursue their 
work in the same honest, thorough and 
straightforward manner that distinguished 
all to which Bunsen ever devoted his 
great mental powers. 


¢ 
A Useful Lesson... 


Very often in the life of a nation, 
as well as in that of an individual, circum- 
stances that at first sight cannot but be 
taken as foreboding evil, ultimately are 
revealed to have been the true cause of a 
very fortunate turn.of affairs, and, in fact, 
it would be more philosophical to postpone 
our judgment regarding what one or 
another change in our condition is to 
effect, until we have had an opportunity 
of impartially considering the general 
bearing of events. There are few among 
us at this moment who, if asked whether 
the constantly increasing importation of 
electrical machinery and apparatus from 
the United States into Great Britain is to 
be welcomed or regretted, would not say 
that it is a sign that we have remained 
behind in industrial progress and that, in 
the end, we will have to pay dearly for 
having been found napping. In fact, that 
is the view that, in general, both the 
technical and the political press of this 
country have taken when dwelling on this 
subject, and they have been wise in so 
doing, for John Bull requires a good deal 
of persuasion and .reiteration ere he will 
admit that there is something the matter 
with him and that he is going to take a 
back seat unless he mends his ways. 

An attitude of uncompromising pessi- 
mism, however, may do more harm than 
good if kept up too long, and there are 
symptoms that some of us, instead of 
being stimulated to action by the present 
condition of affairs, will resign ourselves 
to what we believe to be _ inevitable, 
forgetting the wise saying that it is never 
too late to mend. To these we think it 
ought to be clearly. shown that, in spite 
of our having left so profitable a branch 
of applied science as that of electrical 
engineering up to the present almost 
exclusively in the hands of our com- 
petitors, the game is still toa great extent in 
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our hands, and that, in fact, we may yet turn 
our temporary defect to good account. 

Germany for some time occupied a very 
modest place in the production of machines 
and machine tools, especially the latter. 
Only a few years ago nearly the whole 
supply of machine tools required in that 
country came from the United States, and 
those who do not know the energy and 
perseverance of the Germans would have 
ridiculed the very idea of Germany not 
only producing herself, within a few years, 
the bulk of the tools required by her, but 
even establishing a great export trade in 
this article. And yet this is exactly what 
has happened, as the following figures. 
taken from an official circular recently 
published by *the Union of -German 
Machine Tool Manufacturers show. In 
1900 the weight of machine tools imported 
into Germany amounted to 6,428 tons, 
while the export of German made tools. 
had reached already the figure of 9,267 
tons. Of the imported tools, 4,759 tons 
came from the United States; the monthly 
average throughout the year being 400 
tons. During the course of that year, 
however (1900), the import sank from 
the monthly average, 475 tons in the first 
three months, to 228 tons in December, 
and in January of the present year, 1901, 
it amounted to 175 tons only. The 
exports of machine tools made in Germany 
increased from the monthly average of 
735 tons during the first quarter of last 
year to an average of 770 tons per month 
all the year round, and reached in January 
of the present year the figure of 790 tons. 
During the close of last year, therefore, 
the monthly exports amounted to more 
than three times the average imports per 
month. 

This is a lesson that should go far in 
convincing our readers that there is no 
reason whatever for assuming that Great 
Britain must accept as permanent the 
present condition of affairs. With energy 
and the firm desire to succeed, the ground 
usurped in our own country by our 
competitors in some branches of industry, 
notably that of electrical engineering, 
may yet be recovered, and ought to be 
recovered if we do not want to be accused 
of showing signs of degeneracy. 
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For the last ten years the 


author of this article has devoted himself exclusively to the application 
of electricity to clocks, and has studied the Continental systems exten- 


sively in their own countries. 


From 1895 to 1898 he had the advantage 


of the assistance of Mr. G. B. Bowell, now of the Pearson Fire Alarm 
System, and in the latter year Mr. Hope-Jones founded the Synchronome 
Syndicate, Limited, which has rapidly risen to a position of pre-eminence 


ERHAPS in no department of our 
complex modern civilisation are 

the evils of individualism so ap- 
parent as in the glaring anomalies 

of our numerous independent clocks. 
The present system (or want of system) 
will not bear a moment’s examination 
even in theory, and, as everyone must 
admit, stands self-condemned in practice. 
It cannot even plead the selfish utility 
of individual umbrellas, for they at least 
shelter their owners, even if the drippings 
do go down someone else’s back. Whereas 
truth requires it to be said of even the 
best independent clocks that they do not 
really supply a uniformly accurate indica- 
tion of time to those who purchase them, 
while the opinions of those who rely on 
them in making their appointments, catch- 
ing trains, and correcting their watches, 
must not be recorded here—at least, not 
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BS & 
in the original language. The English- 
man’s safety-valve is to write to the Zimes, 
and_letters of complaint appear in the 
papers with the regularity of the abnormal 
gooseberry in the silly season. They 
have been particularly frequent of late, 
and only recently one of the London 
dailies sent a representative round to 
compare the public clocks between the 
Royal Exchange and Westminster with 
Greenwich time. The result was published 
in adiagram, which served to illustrate more 
forcibly than mere words the chaotic state 
of our present public time-service, and the 
failure of individual attempts at accuracy. 

The advantages of co-operative supply 
have been recognised in many other direc- 
tions. Rush lights and candles have been 
replaced by gas and electricity laid on in 
the street. The well in the back garden 
has given place first to the village pump 
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and then to water-mains and _ service 
pipes. Private cesspools have been re- 
placed by common sewers, and we employ 
the Vestry to empty our dust-bins and 
clean our streets. In all these matters 
we benefit by organisation, or, in other 
words, by the concentration of individual 
effort into collective channels, and prac- 
tical experience has proved that such 
services are carried out with greater 
economy and efficiency when undertaken 
in a wholesale manner by a competent 
authority. That is the justification and 
basis of all public services, and surely if 
there is one necessary which from its very 








TIME INDICATION BY NUMERALS. 


nature has more to gain than any other from 
a public service, it is the indication of 
time. Is there not something pitiable in 
our present happy-go-lucky method of 
time-keeping, something pathetic in the 
idea of thousands of separate and inde- 
pendent clocks all attempting the impos- 
sible? No two of them ordinarily succeed 
in keeping together, much less in showing 
correct time for any considerable period, 
and it is absurd to expect them to do 
more than they accomplish. The real 
mistake lies in asking them to do as 
much. 
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Absolute accuracy of time-keeping is 
impossible of attainment; even the most 
perfect clocks in our observatories, with 
carefully compensated steel and mercury 
pendulums enclosed in air-tight cases in 
which the barometric pressure is kept con- 
stant, and placed in special buildings with 
walls 3 ft. thick to keep the temperature 
even, will usually be found incorrect, if 
two or three cloudy nights in succession 
have prevented a reading from the 
“clock” stars. How then can we expect 
to obtain aecuracy from the ordinary 
mantelshelf clock, with its short pendulum 
and the quality of its works so often made 
subservient to the ornamentation of the 
case ? 

The more one thinks of this, the more 
one is forced to the conclusion that mere 
improvement in the quality of clocks 
generally used, or, if you like, a deter- 
mination to buy only the best, will not 
prove a satisfactory solution of the matter, 
as their errors are in any case cumulative ; 
but that it is necessary to strike at the 
root of the whole evil, viz., their individu- 
ality and independence of control. 

Now the breakdown of the independence 
of clocks is presumably to be accomplished 
by the communication of a common im- 
pulse to them. What agents are available 
for connecting a number of dials together 
so that their hands may revolve syn- 
chronously ? 

(1) Mechanical connection has been em- 
ployed in some large railway stations, 
where leading-off rods with bevelled gear- 
ing enable one clock to control the hands 
on dials widely separated ; but this method 
has obvious limitations in practice, as it 
can operate only within a very restricted 
area. 

(2) Pneumatic devices have been used 
for the purpose in Paris, where impulses 
of compressed air operate a number of 
dials on handsome iron standards at the 
carrefours by the “‘ Popp” system. 

(3) Electricity, however, provides far 
the best means of disseminating small 
impulses over a wide area. If proof of 
this is needed it is supplied by the evolu- 
tion of the common household bell, which 
has passed through the same three stages 
of mechanical, pneumatic, and electrical 
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connections, and survives in the latter 
form alone. 

Incidentally the superiority of electricity 
for this purpose has’ been attested by the 
experience of the last sixty years. It isa 
remarkable fact that the idea has been 
entertained since 1840, since the earliest 
days of telegraphy, and that electricity 
has been hailed by all inventors as the 
one means of securing uniformity. The 
subject of electric clocks was played with 
in rather a desultory fashion by the 
greatest inventors of the nineteenth 
century, yet the extent to which the 
systems of each have been introduced 
is as nothing when compared. with the 
vast field for their operations. 

As an indication of the importance of 
the problem, I may mention that Alexander 
Bain, Sir Charles Wheatstone, and Lord 
Kelvin are among the many inventors who 
have devoted time and thought to its 
solution. In view of the ability such 
names represent, it would almost seem 
presumptuous for me to rush in where 
angels fear to tread! but it is only by 
careful study and criticism of previous 
failures that one can arrive at their causes 
and avoid them. Such a study enables 
one also to discover the essentials of the 
problem and to dispense with much need- 
less mechanism. A vast amount of in- 
genuity has been expended upon inventions 
which could never yield fruitful results, 
and among such I would prefer in this 
article to pass by without comment all 
forms of clocks which merely go without 
being wound up, which, though using 
electricity as their motive-power, retain 
their individuality and independence, and 
so neglect the greatest service which that 
agent can render. 

Broadly speaking, there are but two 
methods of obtaining unanimity in a 
number of dials: (1) correcting or 
synchronising complete clocks of the 
ordinary kind by means of an electric 
impulse transmitted to them periodically ; 
and (2) dispensing with the clock works, 
and directly propelling the hands _ by 
means of such impulses transmitted at 
short intervals. 

The former—correcting or synchro- 
nising existing clocks—has been accom- 
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plished by applying electro-magnetic 
attachments to the lower ends of their 
pendulums, controlled by a master clock 
making tacts every second, and also by 
fitting an electro-magnetic clip to the 
minute-hands, so that an hourly impulse 
from the master clock will forcibly pull 
them into synchronisation. 

The pendulum controlling method is 
in use in many observatories, and is 
known as the “Ritchie Sympathetic 
Pendulum,” from the firm of Messrs. 
James Ritchie & Son, of Edinburgh, 
who have made it a specialty, though the 
credit of the’ original invention should 
be accorded to Mr. R. L. Jones, a former 
station-master of Chester, who devised it 
in 1858. 

The minute-hand clip was invented by 
Mr. J. A. Lund in 1878, and has been - 
established as a public service in London 
by the Standard Time Co., Ltd. 

But in whatever way synchronising 
currents be applied, the complete key- 
wound clocks are retained, the line wire 
being merely used to correct their cumu- 
lative errors, and consequently the obvious 
question forces itself upon us—-why not 
use electricity to directly propel the hands 
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of a number of clocks, so dispensing with 
their works and the necessity of winding 
them up? 

The idea of simply rotating a number 
of clock hands synchronously without the 
use of complete and independent sets of 
clock-works is so fascinating in itself and 
so obviously the most simple, direct, and 
efficient method, that it is the only class 
of electric clocks which we consider really 
worth discussing, and this article will be 
devoted to it. 

Let us then clear our minds of all 
ingenious devices for obtaining perpetual 
motion, of pendulums swinging beat for 
beat under the influence of electro- 
magnets, and of synchronising attach- 
ments which only add mechanism to 
clocks already sufficiently complicated, 
and consider de novo what is essential to 
be done and the simplest way of doing it. 

At the outset we have the choice of 
exhibiting numerals as in a railway time- 
table, or of using the ordinary circular 
dial. For the former we would require 
three drums or canvas bands for display- 
ing the numerals, and the unit figures 
must be moved every minute. Now this 
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mechanical movement is not so 
easily accomplished as the rota- 
tion of a pointer, and even if it 

were so I believe that the 
, old-fashioned way is the 

best, and that the figure 
method, although championed by 
many of our American cousins, 
will never become popular. 

All that we require, then, is 
the face and hands of an ordi- 
nary clock, and in the pursuit of 
ideal simplicity we must look 
upon anything else that may be 
wanted beyond these (for the 
purpose of revolving the hands) 
as a necessary evil. The works 
of the household clock of to-day 
consist of a pendulum, an escape- 
ment, and seven wheels. These 
are necessary for the measure- 
ment of time, and for the storage 
of power to move the hands 
throughout the whole week, and 
if these duties are to be per- 
formed separately in each indi- 
vidual clock no less amount of mechanism 
will suffice. 

But with the help of electricity both the 
measurement of time and the supply of 
power to revolve the hands can be pro- 
vided in one spot, and communicated to 
any number of dials within a reasonable 
distance. For the former we shall use 
one central pendulum only, instead of 
separate pendulums in every clock, and 
for the latter we shall use one small 
battery of Leclanche cells instead of a 
train of wheels in each clock. 

Thus are the clock-works dispensed 
with, and in their place each dial is pro- 
vided with a single wheel, a lever, and an 
electro-magnet, the whole constituting an 
electrical step-by-step movement which 
revolves the hands half-a-minute at a time 
in response to impulses sent out from the 
one controlling pendulum. 

We shall have something to say later 
on as to the best method of measuring 
and transmitting these impulses, but for 
the present we will confine our attention 
to these dial movements, one of which is 
shown in our illustration. 

The minute hand is squared into the 
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arbour of the main wheel 4. This wheel 
is provided with 120 teeth of rectangular 
shape, the face of each tooth being at 
an angle of 45 degs. with the radial 
line. 

B is an electro-magnet, usually of low 
resistance, so that a number of them may 
be conveniently placed in series, and C is 
an armature set in the lower end of the 
rocking lever D, which carries a driving 
pawl at its top end. The wheel 4 is 
propelled and the armature C is held 
normally away from the electro-magnet B 
by means of a flat steel spring X A 
backstop click G, consisting of a rect- 
angular block of steel supported on a 
brass arm, keeps the wheel from turning 
back, while the fixed stop A immediately 
above the point of the driving click 
prevents it from shooting forward. 

Those of our readers who care to learn 
of the difficulties to be overcome in the 
design of a perfect step-by-step action, and 
to know why this mechanism, known as 
the “Synchronome” dial movement, is 
preferred to all its forerunners, are referred 
to a paper on “Electrical Time Service,” 
read before the Institution of Electrical En- 
gineers in December last. It is sufficient to 
say here that this movement can never 
pick up more or less than one tooth, it 
cannot overshoot nor trip, it will answer to 
a contact of less than one hundredth part 
of a second, and it is silent in action. 

During the last year or two, over one 
thousand clock faces with nothing but 
these step-by step movements behind 
them, have been installed in schools, 
institutions, hotels, offices, and work- 
shops, which have now the advantage 
of uniformity of time, and never require 
their clocks to be wound up. This move- 
ment also can be cheaply made. I yield 
to none in my admiration for accuracy of 
workmanship and perfection of mechanical 
finish, but it seems to me that for such a 
purpose as the indication of time in a 
wholesale manner, it is important as far as 
possible to dispense with the necessity for 
a high quality of workmanship. No such 
accuracy of manufacture is required here, 
for the delicate operation of time measure- 
ment has no longer to be accomplished 
in each clock, and the dial movement 
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becomes a mere servant with the simplest 
of duties to perform. 

Any forms of faces and hands may be 
used, and the absence of mechanism 
enables them to be treated artistically and ‘ 
suggests their combination with drawing- 
room art-work in wrought iron, copper 
repoussé, and wood-carving. © We have 
selected a few for illustration, and they 
will serve to show what room there is for 
the exercise of fancy when a clock-case as 
a box to contain clock-works is no longer 
required. It will be seen that two of 
them are simply water-colour sketches 
framed and hung-on the wall as pictures, 
suspended by flexible silk-covered wires in 
the time-circuit. The same method of 
suspension is employed in the fretwork 
dial of walnutwood with gilt hands which 
is hung under the west end arch of 
All Saints’ Church, Notting Hill, W. A 
fine plaque of hammered copper is also 
illustrated, while another is of a skeleton 
pattern under a glass shade. This latter 
is best suited to the mantelshelf of a 
bedroom, as it is so quiet in its action 
that one cannot hear it when lying awake 
at night. 

If this method of propelling the hands 
is a convenient one in the case of small 
dials, how much greater is the saving 
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effected where a turret-c lock is concerned, 
and large hands have to be propelled 
through wind and weather. 

The present costly and cumbersome 
method consists of building a complete 
eight-day clock on a large’ engineering 


scale, just, forsooth, because it has large 
hands. Let us rather provide whatever 
power is required to drive the largest hand 
through storms and snow in the form of 
electrical energy on the spot, controlled 
by an accurate pendulum of reasonable 
size located elsewhere. By so doing we 
shall reduce the cost of our turret clock 
to little more than that of its hands and 
face, as may be seen from the accompany- 
ing photograph of the simple electrical 
movement employed. 

Among the many turret clocks which 
have only one wheel behind them is that 
on the S.E. Quadrant of Piccadilly Circus, 
which was the pioneer not only of elec- 
trical propulsion, but of a novel method 
of illumination. A line of incandescent 
lamps was led along each hand, and hours 
were indicated by single lamps on the cir- 
cumference. This arrangement has since 
been most effectively adopted in the Strand 
and Fleet Street by the Morning fost and 
the Daily Telegraph. 

So much for the method of propelling 
the hands: now for the measurement of 
time and the transmission of impulses to 
the dials at regular periods. 
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In the past inventors have invariably 
taken an ordinary key-wound clock as 
their starting point, and have applied a 
contact to some moving part of it. They 
realised well enough what was wanted, the 
combination of the essentials of a -good 
clock and a good switch, but they usually 
spoilt the time-keeping properties of the 
clock, and produced a switch so light and 
delicate that it could never be relied upon. 
The trouble was that they made the safety 
of the contact dependent upon the extent 
to which the pendulum driving mechanism 
was robbed of the power which properly 
belonged to it. In the “Synchronome” 
controlling pendulum shown on page 26, 
however, this is not the case. 

A common pendulum is employed to 
control the progression of the wheel 4 by 
means of an escapement J, as in an 
ordinary clock ; but the necessary turning 
force is applied to the scape wheel by 
means of the weighted lever C, centred 
at D, which, in falling through a small 
arc, communicates its power through the 
pawl and ratchet Z£. F is an electro- 
magnet, and G its armature centred at #7. 
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The weighted lever, in falling, drives 
the clock, but its fall is limited by the 
contact screw / in the tail of the armature, 
which it reaches periodically after half-a- 
minute has elapsed. The circuit of the 
electro-magnet is completed at that point, 
and the armature is then attracted and the 
weight is thrown up again on to another 
tooth of the ratchet-wheel. This instru- 
ment has therefore the two essentials of a 
good switch—a severe rub and thrust and 
a quick break. It will be noticed that the 
switch consists of two moving parts, the 
armature which drives and the weighted 
lever which is driven, and that the entire 
energy required to keep the pendulum 
swinging ts mechanically transmitted through 
the surfaces of the contact at each operation. 
Thanks to this all-important principle, I 
have never known one of these contacts 
to fail, though some hundreds of them 
have been in use for several years among 
dust and dirt which would otherwise have 
been fatal. Incidentally, this automatic 


switching operation is used to provide a 
power of absolute constancy to maintain 


the vibrations of a pendulum by throwing 
up the weighted lever C every half-minute, 
and thus it also possesses the greatest 
essential of a good clock. 

We do not cumber this instrument with 
a dial or hands, as its duties of accurate 
time-keeping and of sending out impulses 
to record it on any number of indicating 
clock faces are of far more impor- 
tance than exhibiting the time on- 
its own face. The instrument is 
thus nothing more than an aus/omatic 
timed switch, and its only resem- 
blance to a clock is that it uses a 
pendulum to regulate the periodicity 
of the switching operation it per- 
forms. 

One of the principal causes of 
failure in electric clocks in the past 
has been the unsuitable nature of 
the contact invariably used for 
sending out impulses to operate 
the dial movements. A stud and a 
spring are commonly used, one 
member being permanently fixed 
while the other is brought against 
it. The duration of this contact 
has always been arbitrarily decided 
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by guesswork, and is sometimes so short 
that the more sluggish of the dials will 
not respond to it. More often the contact 
is many times longer than is necessary, 
and as 1,051,200 of them are required in 
every year the waste of energy is con- 
siderable. 

In this switch, however, the duration of 
the contact is dependent upon an electro- 
magnet placed in series with all the magnets 
it has to control, and its length is there- 
fore governed by the time constant of the 
entire circuit; so that at the exact moment 
when each dial magnet has developed 
sufficient electro-magnetic energy to do 
the work required of it, the supply of 
current is instantly cut off. Thus if 
electric-light supply is used to operate a 
time circuit (through an incandescent lamp 
as working resistance) the switch auto- 
matically proportions its supply to the 
requirements of the circuit by breaking 
contact at the moment when the lamp 
filament has become warmed up suffi- 
ciently to reduce its resistance and allow 
the necessary current to pass. And in 
circuits operated by primary batteries the 
duration of the contact will, within reason- 
able limits, adjust itself to the condition 
of the cells. If the voltage is high and 
the internal resistance low, the dials will 
work safely with a short impulse, and will 
receive it. When the cells are getting old 
the duration will increase. 


HAND-BEATEN COPPER DIAL. 





SKELETON DIAL SUSPENDED ON SPIRAL 
SPRINGS. 


The idea of using the static capacity of 
the line and the self-induction of the 
electro-magnets, or, in other words, the 
“impedence” or time-constant of the 
circuit, to define the duration of the 
contact, is, I believe, original, and a 
discussion on the subject carried on in 
the columns of the British Horological 
Journal recently led Mr. H. R. Kempe, 
the chief technical officer of the Post 
Office—a great authority on electrical 
testing—to challenge my estimate of the 
duration of the “ Synchronome” contact 
and the consumption of current. With 
the facilities afforded by the well-equipped 
engineering department at St. Martin’s-le- 
Grand he tested a clock circuit consisting 
of a self-wound pendulum-switch of seconds 
beat and a couple of dials, in the following 
manner :— 

A resistance of 1-1oth ohm was in- 
serted in the circuit of the battery, and 
connected to the ends of this resistance 
was a ballistic galvanometer. Each time 
the clock made its contact a throw of 160 
divisions was obtained on the galvanometer 
scale. The 1-toth ohm with the galvano- 
meter connected to it was then taken out 
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of the clock circuit, and a charged con- 
denser was discharged through the galvano- 
meter and resistance, the capacity of the 
condenser and the voltage of the charging 
battery being adjusted until the discharge 
deflection became approximately equal to 
160 divisions. 

The actual deflection observed was 169 
divisions, the condenser being 40 micro- 
farads capacity, and the voltage 349. 

According to these figures the quantity 
discharged in the clocks’ circuit each time 
a contact is made is 

$49.% 40 , 360 °0132 coulombs. 

1,000,000 169 

Now the resistance in the clock circuit 
(two clocks) was 11°37 ohms (including 
the resistance of the battery), and the 
electromotive force of the driving battery 
was 4°71 volts; that is to say, the current 
flowing is 

4°71 
11°37 

Now 1 ampére = 1 coulomb per second, 
so that ‘o132 coulombs produced by ‘41 
ampéres is equal to a time duration of 

"0132 

“41 
The wattage is 

"4f X 4°71 = 19311; 
and as this lasts for ‘0321 seconds, the 
watt hours per annum are 
I°Q31I X"0321 X 2 X 60 X 24 X 365 

60 x 60 


= ‘4I ampere. 


= ‘0321 seconds. 


= 18°10 


The ampére turns of the switch magnet 
being double those of the dials, the con- 
sumption of electrical energy amounts to 
only g'05 watt-hours per annum for the 
former, and 4°525 for each of the latter. 
Other systems of electric clocks have been 
so wasteful of electrical. energy that many 
people hesitate to go in for adopting them, 
imagining a large primary battery is neces- 
sary. Tosuch it should be sufficient to point 
out that a single dry cell of good quality 
is capable of discharging from 300 to 400 
watt-hours, and that a Board of Trade 
unit (1000 watt-hours) is brought to our 
doors at the cost. of a penny or two. 
Theoretically, therefore, one dry cell cost- 
ing three or four shillings should be 
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capable of running a couple of dozen dials of from 
12 ins. to 24 ins. diameter for three years, and if this 
degree of economy is impossible it is only because 
the energy in the cell is not in a convenient form for 
expending it upon the work in hand. In view of 
the short time for which the circuit is closed—‘o321 
of a second every hali-minute only amounts to about 
nine hours per annum—one would like to increase 
the discharge rate by reducing the resistance of the 
electromagnets, but a limit is set in this direction by 
the necessity of maintaining a reasonable proportion 
between the resistance of the circuit and the internal 
resistance of the battery, which latter rises so greatly 
in old age. In the result it amounts to-this, that for 
every two dials in a time circuit it is necessary to 
provide a single dry cell, at a cost of a few shillings, 
whose life is limited, not by the demand made upon 
it, for that is negligible, but by its deterioration 
from other causes. Admitting that the purchase of 


dry cells is the most expensive, wasteful, and in- 
efficient form in which to buy energy, the cost still 








TURRET DIAL MOVEMENT 


CONTROLLING PENDULUM OR 
AUTOMATIC TIMED SWITCH. 


compares favourably with the 
customary bill for clock-winding 
and repairs, and the convenience 
is undeniable. 

Theoretically there is no 
limit to the number of dials 
which one such automatic switch 
will operate, or to the area over 
which. they are spread; but 
there is a practical limitation 
dictated by convenience of dis- 
tribution and the amount of 
responsibility which it is con- 
sidered wise to give to one con- 
trolling pendulum. 

The question of the wholesale 
distribution of these time im- 
pulses is purely a matter for the 
professional electrical engineer, 
who is accustomed to weighing 
all the considerations of economy 
in laying of lines, their insulation, 
and the best working pressure 
and resistance of the instru- 
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ments. I have shown that where a 
primary battery is used, low-resistance 
magnets are conducive to economy, be- 
cause they use a larger proportion of the 
available energy. And if the number of 
dials required to be controlled from one 
pendulum is so large that one would not 
care to put them all in a single series 
circuit, a number of groups could be 
controlled by high-resistance relays of a 
special pattern which ensures a contact 
of the right duration, even to the one- 
hundredth part of a second. 

Unlike telegraphy, telephony, and the 
mere synchronisation of existing clocks, 
the cost of the wiring required by a system 
of propelled dials bears a very small pro 
portion to the value of the instruments 
served. This is due to the fact that,only 
one wire is required, and a large number 
of dials are served by a comparatively 
short length. The cost of wiring is an 
important one in these days, when the 
difficulties and expense of laying under- 
ground wires are increasing so rapidly in 
towns ; but it is calculated that with this 
system thousands of offices in the City 
could be served with “ one-wheel” pro- 
pelled dials, by a line of which only a few 
short lengths (amounting altogether to not 
more than a few hundred yards) would be 
overhead. All such short sections of 
overhead wire would be duplicated, and 
the risk of breakdown would be reduced 
to a minimum. ‘This has already been 
accomplished in several large blocks of 
city offices in London ona scale sufficiently 
large to prove its practicability. 

Where the responsibility of the clocks 
is very great—as, for instance, in an im- 
portant railway station or in a municipal 
installation of street-corner dials—a fas- 
tidious central station engineer might desire 
some method of automatically reporting the 
failure of any one of them should it get out 
of synchronisation by even half-a-minute. 
One has a natural distaste for assuming 
the possible failure of an automatic device 
and superimposing another one to check 
and report upon it. It is too suggestive 
of setting a thief to catch a thief, and we 
must certainly avoid the excess to which 
this principle is carried in Berlin, where 
the municipal time service. consists of 
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(1) key-wound clocks, (2) a synchronising 
system, and (3) a detector system, to show 
to what extent No. 2 has succeeded or 
failed in correcting the faults of No. 1. 
But with a series of these “ one-wheel ” 
dials it is easy to obtain automatically a 
report upon their synchronisation, and 
that without the use of an additional 
line. The method is briefly as follows : 
A small commutator is applied to the 
mainwheel of each dial to put the line to 
earth at a definite half-minute every hour, 
another dial will do the same at some 
other half-minute, and the next at a 
different half-minute, and so on. The 
home end of the line is connected to 
earth through a battery and a _high- 
resistance chronograph, which will record 
the earthing of each dial in its proper 
sequence. 

When once a “time-circuit” has been 
installed in a large industrial establish- 
ment it is interesting to find how many 
subsidiary duties it may be called upon to 
perform. For example, in the great screw 
mills of Messrs. Nettlefold’s at Birming- 
ham one pendulum time-switch controls 
not only a large number of dials, ranging 
in size from a diameter of 6 ins. to 4 ft., 
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over an area of some 25 acres, but also 
rings electric: bells in the various engine- 
houses automatically at pre-arranged times 
for starting and stopping the engines, and 
further operates a programme of electric 
signals at the entrance gates in accordance 
with the works time-table. 

The accompanying illustration shows 
the little instrument which accomplishes 
these objects. It is called a Bell Con- 
troller, and consists of a rotary switch 
propelled by an ordinary dial movement 
in series with the time-circuit. A similar 
arrangement, is in operation throughout 
the works of Messrs. Eyre & Spottiswoode 
at Dalston, and in other establishments 
has found an extended use in automatically 
dropping portcullis shutters in the “ tally- 
shoots” at the entrance gates, so cutting 
off the “lates” with strict impartiality, 
while in schools it ensures the simultaneous 
changing of all the classes. 

This list by no means exhausts the 
possibilities of a time-circuit, and many 
other applications will suggest themselves 
to our readers. ‘It has already been used 


for engine-speed recorders, switching in 
and out of electric lights and gas lamps, 
and to operate electricity meters, while it 
is readily applicable to elaborate calendar 
clocks and to simple office date racks. 
Such is the system which is capable of 


giving us public time service. On the 
Continent one seldom finds a city of any 
importance unprovided with clocks at the 
street corners under municipal control. 
The systems abroad are more complicated 
than that which we have described, and they 
have often proved troublesome and costly 
to maintain. Let us charitably assume 
that we in England have been looking on 
and playing a waiting game with a view to 
benefiting by the experience of others, and 
that we are not guilty of neglect ; but, in 
view of the progress of every other branch 
of electrical engineering, it is surely high 
time that we faced such difficulties as may 
still exist in the wholesale distribution 
of time impulses. If our municipal 
authorities would but recognise that street 
timing was every bit as much their duty as 
street lighting and street cleaning, I am 
sure that our electrical engineers: would 
not be found wanting in working out the 
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electrical problems involved in house-to- 
house distribution on a large scale. 

In conclusion, it only remains for me to 
refer to an ideal system of uniform clock 
control which the development of wireless 
telegraphy seems recently to have placed 
within our reach. 

The method by which this could be 
almost universally applied to the distribu- 
tion of time impulses will be too obvious 
to our electrical readers to require ex- 
planation ; but, for those who have not 
followed the recent developments in space 
telegraphy, we show its application to 
clocks in diagrammatic form. 

The receiver consists of a coherer 4 
connected to earth at Z and to a vertical 
aérial conductor at B. In circuit with it 
is a relay C and a small primary battery D. 
Normally, the resistance of the coherer is 
such that the circuit is practically open ; 
when, however, it is within the sphere of 
influence of electrical oscillations produced 
by high-tension sparking between earth 
and a vertical aérial wire, the resistance 
falls and the relay operates. 

FF F represent a number of the step- 
by-step dials we have described grouped 
in a separate circuit with their own 
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battery G, and governed by the relay C. 
It is obvious that this circuit can readily 
be operated by “ wireless” signals trans- 
mitted at regular periods, suitable arrange- 
ments being, of course, made for the 
tapping of the coherer and for securing 
single contacts of sufficient duration. 

Probably there were others to whom 
this idea occurred when Marconi’s achieve- 
ment startled the scientific world, but it 
was original with the writer, and he con- 
sidered it in all its bearings in 1899 in 
conjunction with Mr. Isaac H. Storey, of 
Lancaster, who conducted the first experi- 
ments in this direction with one of the 
dials described, and has since operated a 
circuit of them continuously. Mr. Richard 
Kerr, with the assistance of Mr. Leslie 
Miller, also exhibited one of them at the 
Royal Society’s conversazione in May last 
year, and their demonstration attracted 
much attention. 

To see a number of dials grouped 
round a wireless transmitter is to see 
visions of an aérial pole erected by the 
London County Council on the Nelson 
Monument in Trafalgar Square, which 
would thus become a central station for 
time distribution for the Metropolis. Then 
no more would accurate time be a luxury 
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of the rich, dispensed by the clockmakers 
at high prices, but would beras free as the 
air we breathe ! 

Until recently this dream seemed im- 
possible of fulfilment, owing to the liability 
of the time receivers to interference from 
other electrical oscillations in the neigh- 
bourhood, either transmitted deliberately © 
for telegraphic or other purposes, or un- 
intentionally from the starting and stop- 
ping of large electrical machinery. The 
latter might have been overcome, but it 
was hardly to be hoped that ether tele- 
graphy could be reserved for the sole 
purpose of controlling clocks. This was 
all the more to be regretted because the 
inability to confine and direct the trans- 
mitted impulses to any one receiver, which 
was a fatal bar to its use for general tele- 
graphic purposes on land, would become 
a positive virtue when the system is used 
for the dissemination of time, for we no 
longer require privacy between sender and 
receiver. The message, “This minute 
has expired ; let all clocks hitch on 
another tooth,” coded into a single dicta- 
torial impulse, would radiate in all direc- 
tions from public transmitters in the 
centre of every town. 

Now, however, that Marconi can tune 
or syntonise the wireless system, and so 
prevent interference ; now that the savants 
at the Society of Arts have actually dis- 
cussed (at his lecture last month) standard 
“frequencies” for Admiralty and Post Office 
use, the idea of universal State-supplied 
time signals almost enters the arena of 
practical politics. Whether the public 
appreciation of such a boon would justify 
an Act of Parliament making it a criminal 
offence to produce electrical oscillations 
of the periodicity specified by the Board 
of Trade as exclusively to be used for 
clocks, is open to doubt; but we can 
at least prepare a way for it by the 
adoption of local time-circuits in accord 
with some such system as we have de- 
scribed, and the gradual abolition of the 
separate and independent time measure- 
ment of individual clocks. Let us only 
be careful that our endeavours are directed 
into the right channel, lest our work be 
superseded when ether telegraphy and the 
Government are ready. 
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Of one thing I am certain, that, what- 
ever the future may have in store for us 
in the way of universal time ‘transmitters, 
there can be no doubt as to the ultimate 
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form of the “receiver” clocks. They will 
be mere indicator dials driven by a simple 
form of step-by-step movement in electrical 
connection. 
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She Xeat of Combustion of 
Hydro-Carbon Gases. 


By HORACE ALLEN. 


(A Portrait and Biography of Mr. Horace Allen appeared on tage 48, No. 1, Vol. 1.) 


HE group of gases bearing the de- 
signation of hydro-carbons consist 
of a series of compound gases 
having in combination carbon and 

hydrogen in varying proportions, as may 
be noted from the chemical formula of 
each given in the accompanying tables 
and diagrams. These gases, on the appli- 
cation of heat, readily combine with oxygen, 
forming, as products of complete combus- 
tion, water and carbonic acid in proportions 
relative to the contained amount of carbon 
and hydrogen. Chemically expressed this 
is indicated as follows : 
By Weight. 

C + 20 = CO, 

12 2x16 12 16x2 

— 


44 
2H +O 


By Volunve. 
+ ( do = 


Oo 


oO 
Solid "tae 


2 vols. 


2H O H,O 


H | H oO H,O | H.O | 


2 vols. I vol. 2 vols. 


The combination of both carbon and 
hydrogen with oxygen is accompanied by 
the evolution of heat, which raises the 
products of combustion to an equivalent 
temperature. 


Experimental determinations of the. 
quantity of heat given out on the com- . 


bustion of the various hydro-carbon gases 
are found to give results in some cases 
higher and others lower than those 
obtained by theoretical calculation of the 
heat due to the combustion of the 


contained proportions of carbon and 
hydrogen. 

For the purpose of this article Berthelot’s 
determination of the thermal value of 
carbon when combining chemically with 
oxygen to form carbonic acid, of 14,652 
British thermal units, has been accepted, 
and it is taken that carbonic acid gas 
containing 1 lb. of carbon in combination 
with oxygen would, upon decomposition, 
show an absorption of heat equal to the 
amount given above, z.e. 14,652 British 
thermal units. 

This latter explanation may seem to 
be rather unnecessary, but when other 
writers on the subject have said that 
carbon, when in a gaseous form, gives 
out a higher proportion of heat of com- 
bustion than solid carbon, some might 
be inclined to forget that if carbonic acid 
results in the combustion of any hydro- 
carbon gas, the heat value must be in 
proportion to the actual weight of the 
carbon in combination, no matter whether 
it was originally in the solid or gaseous 
form, though possibly the figure taken 
may not be as high as might be found 
if the determination was made by decom- 
posing carbonic acid into carbon and 
oxygen. 

Another reason why it cannot be taken 
that carbon when in a gaseous form may 
have a higher thermal value than when in 
the solid form, is that while a certain 
hydro-carbon gas gives, when experimen- 
tally examined, a lower thermal value 
than the contents of carbon and hydrogen 
give by theoretical calculation, other 
hydro-carbon_ gases give thermal results 
above those obtained by calculation, and 
this in a varying ratio. 

As the laboratory determinations of the 
amount of heat generated by the various 
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hydro-carbon gases give 
results in some cases below 
and in others above that 
found by theory——and the 
results are sufficiently con- 
firmed by different workers 
to show that it. is not due 
to the apparatus employed 
or personal error—it must 
be accepted that in those 
cases where there is a less 
quantity of heat given by 
experimental determination 
than is accounted for by 
theory, there must have 
been an absorption of heat 
from some cause, and, 
vice versa, where the experi- 
mental results are higher 
than should be, according 
to theory, there must have 
been an extra development 
of heat from a source not 
indicated by the analysis 
of the gas. 

The accompanying tables 
and diagrams tend to show 
that the absorption of heat, 
or extra generation of heat 
in the various gases, is not 
dependent upon either the 
density or any other uni- 
form ratio which would 
enable a theoretical grade 
to be founded. Different 
workers have attempted to 
render the actual amount 
of heat given out on com- 
bustion of hydro-carbon 
gases, by adopting some 
figure to represent the heat 
effect of carbon when in a 
gaseous condition; but in 
the various text - books 
where this figure is applied 
it is found that when taken 
in conjunction with dif- 
ferent gases, the results 
neither agree with the 
amount of heat found by 
theory nor with  experi- 
mental determination. 

The various classes of 
coal from different districts 


Name of Operator 
or Source. 


Herman Poole, Berthelot 


Thomsen 


Herman Poole 
Thomsen 
Thomsen 
Herman Poole 
Thomsen 
Thomsen 
Herman Poole 


Dr. Gintl 


Sexton 


Pullen 
Thomsen 
Sexton 
Pullen 
Thomsen 


Actual Heat 
23,517 
25,413 
26,400 
24,022 
\ 24,017 
| 22,400 

21,825 

21,223 
{ 21,501 
| 21,856 
| 18,595 
| 22,338 


| 
| 


of 1 lb. of Gas. 


Theoretical 
Total Heat of 
Combustion of 

1 lb. of Gas 

26,544 
18,300 
18, 300 


15,570 
4,776 
4,776 


Combination. 
Hydrogen. 


Carbon. 
13,524 


w 
= 
a) 
< 
B 


Hydrogen. 


In 1 lb. of Gas. 


Carbon. 


CH, 


Chemical 
Formula. 








Ethylene, Olefiant Gas 


Name of Gas 
Methane, Marsh Gas ... 


Propane 
Pentane 
Butylene 
Propylene 
Amylene 
Acetylene 
Benzene 
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DIAGRAM I.—SHOWING THE THEORETICAL HEAT OF COMBUSTION OF HYDRO-CARBON GASES WITH THE RESULT ACTUALLY 
THE LETTERS ARE THE INITIALS OF THE AUTHORITIES 
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DIAGRAM II.—SHOWING THE HEAT OF COMBUSTION OF HYDRO-CARBON GASES PER CUBIC. FOOT, MEASURED AT 60 DEGs. 
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TABLE Ii. 


ence, 


Differ- 


From Experiment. 


Total. | 


Hydrogen. 


Calculated Heat of Combustion. 
1 Cubic Foot 


Carbon. 


2 
° 
) 
— 
3 
ee) 
3 
1S) 
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Bar. 30. | Carbon. Psstase 


Weight of 
1 Cubic Ft 
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Density 
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formula. 
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— 104 
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~ 184 
+ 4! 
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de 
+ 


1015 Berthelot 
Thomsen 
2534 Thomsen 
1626 Berthelot 
2416 Laffont 
Berthelot 
Thomsen 


1773 
1535 
3933 


B.T.U. 
1119 
1910 
2713 
4290 
3166 
1585 


656 
985 


B.T.U 
655 
982 
1319 
1985 
1310 


B.T.U. 
464 
928 
1394 
2315 
1856 

929 
1395 
2315 

948 
2861 
3154 


Ib. 
“01056 
01584 

‘0212 

032 
O2112 
01058 
01588 
02632 
"00541 
01629 
01229 


Ib. 
03168 
"06335 
‘0949 
‘15841 
*12668 
"06345 
09524 
*15776 
706485 
"19526 

21530 


Ib. 
04224 
07919 
“11614 
*1Q017 
*14780 
"07404 
*184092 
07025 
‘21155 
‘22759 


“L11I2 


7°985 
14°970 
21°955 
35°925 
24°940 
13°970 
20°955 
34°80 
12°97 
38910 
37°910 


C,H, 
CH, 


C,H, 


CH, 
C,H, 
C,H, 
CH, 
C,H, 
C.H,, 
C,H, 
C,H, 


Ethylene, Olefiant Gas ... 


Methane, Marsh Gas 
Propylene ... 
Amylene 


Ethane 
Propane 
Pentane 
Butylene 
Acetylene ... 
Benzene 
Hexane 





are .found to give, upon experimental 
determination, heat values which do. 
not agree with that obtained by cal- 
culation from their ultimate chemical 
analysis. From an examination of the 
tables accompanying this article this 
discrepancy may possibly be accounted 
for by the difference in the heat of 
combustion of the various hydro-carbons 
given off during the early stages of the- 
decomposition during ignition, and for 
this reason none of the proposed formulze 
give results, when applied to the results of 
chemical analysis, which agree with the 
actual determination of the heat value by 
any of the approved methods. The 
author’s object was to determine. if pos- 
sible, some progressive ratio of heat 
absorption and generation due to the 
breaking-up of the compound gas upon 
combustion, but the results shown on the 
diagrams do not indicate any regular 
gradation. However, the tables com- 
piled may be valuable for reference to 
those interested in the combustion of 
gases and fuel. 
Horace ALLEN. 
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Che Motor Car and its future. 


By ANTHONY G. NEW. 
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R. A. G. NEW was educated at Mason’s College, 
Birmingham, and afterwards apprenticed to an electrical 


engineering firm in London. 


He has had a large experience in 


electrical undertakings—electric lighting, accumulator manu- 
facturing, automatic electrical devices, etc., and figures as the 
inventor of electrical apparatus and machinery, of oil engines 


and automobile mechanisms. 


Mr. New is now practising as 


consulting engineer, automobile expert, and specialist on oil 


engines. 


He is also technical editor of leading journal devoted 


to automobile work. 


T is refreshingly amusing to anyone 
whose chief energies have for a long 
time been absorbed in the study 


of a new type of machinery, and in 
attempting to overcome many of the 
primary 


difficulties, to listen to the 
opinions and criticisms of friends and 
acquaintances on that particular subject. 
Although it is no recognised part of a 
mechanical engineer’s business, yet it 
would be extremely interesting to discover 
the psychological reason for the instinctive 
prejudice which appears to exist in the 
minds of the majority of our fellow- 
countrymen against anything new—a feel- 
ing which so seriously assists foreign 
competition. That which concerns us 
more, however, and which is considerably 
easier to understarid, is the vigorous and 
healthy reaction which takes place, how- 
ever late in the day, as soon as the novelty 
has worn off and the utility been proved. 
There is probably no subject at the present 
time upon which greater divergence of 
opinion exists in the minds of the public 
than upon the value and the future of the 
automobile. 

It has frequently been stated that the 
undeveloped condition of motor cars is 
chiefly due to the restrictions of our legis- 
lation. Although this is true, yet it is only 
in reality a half truth, since these legal 
restrictions were quickly removed, or 
alleviated, in this country as soon as 


mechanical progress had enabled engineers 
in other countries to achieve any substan- 
tial commercial success. Although English 
engineers were handicapped and dis- 
couraged from spending their time and 
money in the solution of problems im- 
mediately connected with mechanically 
propelled road vehicles, yet they were, in 
reality, busily engaged in the development 
of the same types of mechanism for other 
purposes as are now required for the 
construction of motor cars. The con- 
struction of modern machinery has only 
been rendered possible owing primarily 
to the enormous strides which have been 
made in the metallurgical industries, and 
largely to improved lubricants and methods 
of lubrication. 

It is difficult either to see how suitable 
light road vehicles could have been made 
before the modern high-speed steam and oil 
engine, the water-tube or the “ flash” boiler, 
the electric -traction accumulator, or the 
pneumatic and solid rubber tyre were avail- 
able ; or to maintain that any or all of 
these modern necessities would have been 
brought into existence very much sooner if 
there had been an even wider demand for 
them at that earlier date. 

Until comparatively recently only a few 
inventors were able to. construct self- 
propelled road vehicles of a light kind, and 
the chief and vital differences between any 
of these and those now being made consist 
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in the use of improved power generators, 
which are also required in many other 
engineering industries. 

A general survey of the past not only 
shows the change which has taken place 
from what might be termed “independent” 
locomotion, to what we may call “co- 
operative ” locomotion, and the increase 
in the demand for rapid locomotion, 
which continues to increase as outside 
communication becomes wider and quicker, 
but it also shows, when considered in 
conjunction with the mechanical progress 
which has been made during the same 
‘period, what an interesting and instructive 
evolution has been taking place. Not 
until the steam engine had been so far 
improved that it could be constructed of 
small weight in relation to its power, was 
it possible to substitute any mechanical 
tractor for the horse. Even then the road 
surface and the inclines necessitated the 
construction of our special (comparatively 
level) railways. Mechanical, capital, and 
skilled labour considerations consequently 
led to “co-operative” locomotion, in 


which private and independent vehicles 


were entirely superseded by a timed and 
public train service as regards travelling for 
any distance, although insome respects, and 
particularly in many out-of-the-way places, 
comparatively few advantages were gained. 
Only when the steam engine had been 
still further developed could it be con- 
structed of a sufficiently small size, and 
economical enough for tramway work in 
our larger towns. A similar restricted use 
of mechanical traction over short distances 
then resulted, for the same reasons as 
those applicable to the railways, and only 
comparatively populous districts cotld 
avail themselves of any improvements 
of this kind. Except that cheaper and 
more efficient systems for working tram- 
ways have been introduced, we are still in 
this position, and “co-operative” loco- 
motion exists wherever mechanical traction 
is obtainable at all. It is difficult to 
estimate the relative extent to which 
increased speed, continuous working, and 
cheaper energy on the one hand, and 
co-operation, with its attendant reduction 
of cost to the individual, on the other, 
are responsible for the enormous success 
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of mechanical traction at the present time; 
but the former aré conceivably net 
advantages, and the latter is one which 
has hitherto involved considerable ad- 
ditional capital expenditure—largely for 
the permanent way. If such a discrimi- 
nation could be made, it would enable a 
more definite comparison between horse 
and mechanical haulage to be deduced 
from past experience; this would be useful 
provided that it were necessary in face of 
the overwhelming proof furnished by the 
general substitution of the latter for the 
former on our tramway systems. Any 
form of “co-operative” locomotion not 
only involves a restriction of route and a 
limited: service as regards frequency, in 
proportion to its demand, but it practically 
fails to provide either for local goods 
haulage or for independent open-air 
recreation. Owing to the’ keenness of 
trade competition, to the wider field of 
social life already produced by improved 
methods of travelling, and to the improve- 
ment of country accommodation and 
roads, there is now an enormous demand 
for “ independent ” means of transit. 
Whether mechanical progress hasalready 
sufficiently advanced to enable engineers 
to produce self-propelled road vehicles 
which can meet these requirements, and 
which are- quicker, safer, cheaper, more 
under control, and are capable of more 
continuous working than the horse, is the 
great question which now arises. The 
problem resolves itself primarily into one 
as to whether small, economical, and port- 
able power generators (or accumulators 
and converters of energy), having sufficient 
power in relation to their weight, are now 
available. -The relative power required 
for road cars is necessarily greater than 
that required by trains, owing to the extra 
friction of the road surface and to the 
steeper gradients which are met with. 
The experience of the past year or two 
appears to fully answer this first portion 
of the question in the affirmative, and the 
success has been due to high-speed steam 
and oil engines, to high-pressure and rapid 
evaporation boilers, to resilient tyres, and 
to lighter electric accumulators. In re- 
spect of control it is almost unnecessary to 
mention the superiority of the automobile ; 
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powerfu: brakes render very high speeds 
safe, and reversing gears allow of running 
backwards whenever required. 

In order to obtain a full answer to this 
question, however, it is necessary to con- 
sider the more important typical users and 
their respective requirements. Traction 
machinery has until recently been designed 
solely for use in the hands of skilled 
drivers, and has been provided with only 
the necessary controlling and indicating 
parts rather than with any labour-saving 
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or automatic regulating devices. Motor 
cars, unlike cars running on rails, must 
necessarily be steered by the driver, and 
although this does not require skill so 
much as attention and care, yet the pro- 
pelling mechanism must in consequence 
absorb as little attention as possible. In 
only certain cases—for the heaviest type 
of regularly working cars, for instance — 
would the provision of two drivers be 
commercially permissible, and in many 
of these cases the presence of any second 
man would be otherwise unnecessary. 
Not. only does the propelling machinery 
require to be more automatic for this 
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reason, but its degree of reliability, of 
simplicity to the average mind, and of 
general uniformity in different cars, has 
an important bearing upon the working 
cost (the cost of fuel being already relatively 
trifling), and consequently on the field 
of usefulness of automobiles. For public 
conveyances in the larger towns, or for con- 
stantly working goods and delivery vans, 
the services of a specially trained driver are 
available, and his cost in wages is com- 
paratively unimportant. But for trades- 
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men’s vans, private vehicles, or for public 
conveyances in the country, skilled labour 
is less obtainable, and, if necessary, would 
seriously increase working expenses ; while 
for vehicles on hire (without driver) or for 
light (cycle-type) cars the more automatic 
the machinery the greater will be the de- 
mand. The construction of suitable 
machinery for use in the hands of unskilled 
drivers is perhaps a much greater step than 
is at firstapparent. Engineers, particularly 
in this country, have become almost pre- 
judiced against the addition of any com- 
plication, however capable of ultimate sim- 
plification and of extra utility it may be. 
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No machinery of a similar type has hitherto 
been constructed for non-technical users, 
and consequently manufacturers have little 
or no data from which to ascertain the 
degree of capability or of technical 
common-sense which they may reason- 
ably expect to find in their customers. It 
is probable that thenumerous “domestic” 
machines which have of recent years been 
adopted with such success, from sewing- 
machines and typewriters to cycles, have 
caused a general insight into elementary 
mechanics amongst the public, but the 
difference between a mechanism which is 
actuated by hand and one which is only 
controlled by hand (considerably greater 
power being called into force, though with 
less personal effort) is so great that only a 
very limited comparison is possible. The 
desirability ofautomatic mechanical control 
is not confined to, although emphasised 
in, motor car construction, but is a very 
real and growing desideratum formachinery 
of various kinds, even in cases where 
skilled labour is readily available and 
where continuous operation is usual. It 


is to be hoped that other countries as well 
as America will become the homes for 
improvements in this direction, and it is 
satisfactory to notice that some of the 
English builders of automobiles are already 


working in this direction. At the present 
time it can hardly be said that sufficient 
advance has been made to render possible 
the production of cars automatic enough 
to meet the whole existing demand, 
although many types of cars already in 
use are capable, in the hands of careful 
drivers, of entirely satisfying all practical 
requirements. 

The motor car industry, paradoxical as 
it may seem, has in many respects suffered 
far more from the actual removal of 
legislative obstacles (not from _ their 
absence) than it previously did from 
their existence. The passing of the new 
Act of Parliament, combined with the 
effect caused by the introduction of a few 
foreign cars into this country, and by the 
then-existing cycle boom, produced in the 
public mind an exaggerated idea of the 
value of any and all motor car patents, 
and company promoters (grossly mis- 
named in- more senses than one in this 
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case) were not slow to take full advantage 
of such an opportunity. Over-capitalised 
companies were only too soon to be 
found; companies with non - technical 
directors, burdened with questionable 
assets, which the shareholders were ex- 
pecting to become master-patents, ham- 
pered by their very wealth of this 
medley of ‘ monopolies” (and their 
numerous’ inventors), and expected 
rapidly to assume, on a totally insufficient 
working capital, the position of sound 
industrial concerns. ‘The present, result- 
ing, want of confidence, and the conse- 
quent difficulty in obtaining _ financial 
support from the public, is likely, as was 
the case with electrical undertakings in 
their earlier days, seriously to retard and 
cripple the automobile industry in this 
country. In spite, however, of this unfortu- 
nate element, which has been so wantonly 
and unnecessarily introduced, extremely 
useful and rapid progress has been and 
is being made. Apart from the more 
general question of the future of auto- 
mobiles. and their bearing on economic 
progress, the advancement of British 
trade, and the benefit to the British en- 
gineering industries, is of very great im- 
portance to us in this country. Monopolies 
are seldom, if ever, found to have existed 
in connection with any industry during its 
infancy, but are- more easily produced 
subsequently by the owners of some 
radical, though purely detail, patented im- 
provément, which, simple in itself, may 
yet be sufficiently important to control a 
large section of the demand. So long as 
manufacturers of motor vehicles in this 
country. were to restrict themselves to 
copying foreign-made models, and so long 
as the want of speculative enterprise were 
to prevent original development, there 
would always be the risk of foreign com- 
petitors introducing vehicles fitted with 
some such monopoly-givirig improvements 
into the country. This has already oc- 
curred to a considerable degree in con- 
nection with traction machinery, in spite 
of the fact that the purchasers have 
hitherto been large public bodies rather 
than individuals. Difficult as it must 
always be for non-technical financiers to 
ascertain the value of undeveloped in- 
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ventions, or for them to ensure economic 
development, it would have been com- 
paratively easy for a thoroughly qualified 
body of practical engineers, had such 
a body been constituted and provided 
with even a small proportion of the 
millions which have been lost by the pub- 
lic in motor car speculation, to ascertain 
the true value of the then existing inven- 
tions, to discover the directions in, which 
improvements were needed, and to con- 
tinue to investigate new devices and 
systems as they were produced. Far from 
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has not only been the headquarters of the 
movement socially, but, having enlisted 
the sympathies and services of leading 
men of all ranks and professions, it has 
rapidly become both the recognised referee 
on all questions concerning automobilism, 
and the defender of its interests. 

The general tendency towards the use 
of electricity for the lighter forms of trac- 
tion work not unnaturally suggests its 
greater suitability for motor cars also. 
Until, however, the efficient transmission 
of electricity without wires is feasible, the 
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these being the conditions under which 
many of ouf earlier public companies set 
to work, the technical control of each 
concern practically lay in the hands of one 
engineer, who was instructed to make im- 
mediate dividends rather than industrial 
progress, with the inadequate working 
capital at their command, and whose chief 
qualification was, therefore, a good know- 
ledge of workshop practice, rather than a 
wide experience of similar machinery. 

The automobile industry in England 
has, on the other hand, been extremely 
fortunate in having a powerful and ener- 
getic champion in the Automobile Club of 
Great Britain and Ireland. This Club 


accumulator system is the only one which 
is possible for this purpose. Even for 
tramway work, accumulators have hitherto 
been successful to a very limited extent, 
owing to their excessive weight. Lighter 
and more durable accumulators than have 
hitherto been used for tramcars are neces- 
sary in order to obtain even the same degree 
of success with motor cars, because more 
power for the same weight and also be- 
cause greater mechanical strength are 
required. It is difficult to ascertain the 
precise degree of present improvement in 
this direction, but there is little doubt 
that very substantial progress has been 
lately made, in spite of the fact that 
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variations of construction, accompanied by 
promising results, have in the past been 
only too frequently recorded, and that the 
bitter experiences of many a hopeful in- 
ventor proved only too clearly the com- 
plicated nature of the numerous principles 
involved, and the misleading character 
of many of the initial results obtained. 
If we leave the question of depreciation 
of the accumulators out of consideration, 
electromobiles are already thoroughly 
reliable and capable machines, but they 
are only able to travel a limited distance 
before requiring recharging, and are con- 
‘ sequently only serviceable where this is 
convenient. Neither steam nor oil engines 
can compete for general excellence, sim- 
plicity, or durability, with the electric 
motor itself; nor are these engines so 
readily under control, or so inherently 
suited for traction work. Vehicles driven 
by accumulators, both of the stronger but 
heavier Planté type, and of the lighter 
“pasted” type, are in use. The former 
possess the advantage that they suffer less 
from excessive rates of charge and dis- 


charge, and this trait tends to balance 


their greater relative weight. The latter 
form has been in greater favour hitherto, 
and has probably received most attention 
from experimentalists, but a combination 
of the two forms is now largely employed. 
It is to radical departures from the present 


construction of accumulators that we shall. 


probably have to look for any decided 
widening of the useful field 
of electromobiles, because 
it is almost too much to 
hope that any mere im- 
provements of the present 
types can more than in- 
crease their durability, with- 
out decreasing the present 
capacity of the best of 
them. Although several 
such methods are already 
known, and are -under- 
going their experimental 
development, yet the “in- 
nate devilry” of all “un- 
tamed” accumulators is 
likely to postpone their 
public and commercial 
appearance for some 
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little time, even assuming that their 
ultimate success were assured. At 
present, accumulators are heavy because 
both the positive and the negative plates 
are chiefly composed of lead, in one 
form or another. Apparently, there is no 
other material which can be used for the 
construction of the positive plates, and, 
although their weight can be reduced by 
removing a certain quantity of that por- 
tion which acts only as a mechanical sup- 
port for and conductor to the. active 
material, yet any such cutting away tends 
to reduce the strength of the plate. In- 
numerable attempts to substitute non- 
metallic supports have been made, and 
some of these have met with a certain 
degree of success, although the life of the 
battery has almost invariably been reduced 
in consequence. Barium is the only other 
material which, like lead, gives a readily 
reducible peroxide ; but, as its oxides are 
soluble in water, it is useless for accumu- 
lators. With regard to the negative plates, 
however, it is not proved that lead need 
necessarily be used. The weight of leaden 
negative plates is greater than is necessary 
from a purely electrical point of view, be- 
cause an extra quantity of active material 
is in practice required, in order to prevent 
the lead sulphate which is formed from 
stopping the action of the whole plate. 
There are other electrodes, which would 
not only be lighter, owing both to lower 
specific gravity and to the absence of any 
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extra active material, but which would in- 
crease the working voltage of the cells, if 
they could be employed. Their use in the 
past has been prevented owing to damag- 
ing chemical actions which have been set 


up by them; but it is quite conceivable 
that such actions may be eliminated in 


the future. There are vehicles already 
working in which such accumulators (with 
zinc negative plates) are employed, but it 
is impossible as yet to ascertain their real 
value. Any reduction in the weight of 
durable accumulators would far more than 
proportionately enlarge the field of useful- 
ness of electrically- propelled vehicles, 
since the reduction of weight also reduces 
the propelling power required. 

The chief feature of the electric car 
from a mechanical point of view is that it 
does not essentially require any variable 
speed-gearing through which to transmit 
the power from the motor to the driving- 
wheels in order to decrease the speed of 
the latter relatively to that of the former 
when ascending a steep hill. This is 
the case if a large enough motor is em- 
ployed, and as there is only a moderate 
loss of efficiency on light loads in a 
good motor, and as the extra weight and 
cost are more or less cancelled by the 
reduction of wear and tear, such a machine 
is highly desirable. Regulating the speed 
of the cars is usually effected by a con- 
troller, which connects the accumulator 
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cells in various different 
groupings, and which also 
makes the necessary electrical 
connections to the motor 
in such a way that both the 
speed and the driving effort of 
the motor can be regulated by 
the driver. The advantage 
which a car fitted with such 
an arrangement has over cars 
driven by steam or oil engines 
is that it tends to travel at 
more or less the same speed 
automatically, whatever the 
gradient may be. A further ad- 
vantage is that theaccumulators 
are automatically discharged 
at a rate nearly proportionate 
to the power’ required, and 
that they are also, in many 
cases, being automatically charged when the 
motor is being driven as a dynamo by the 
car (when running down-hill). Although 
the actual variations of speed, other than 
those produced by the driver, at which 
such a car travels under these conditions 
are considerable, yet this tendency to main- 
tain a constant speed has an. important 
bearing on the automatic character 
and on the efficiency of electric vehicles, 
In some respects this very tendency 
of the electric motor to increase its out- 
put as the load is increased is a factor 
which tells against its general use, for 
there is the danger that an inexperienced 
driver will damage both the motor and the 
battery. by overloading them unintention- 
ally, as, for instance, by allowing the 
vehicle to climb a steep hill at a high rate of 
speed. On the other hand, however, it is 
apparently necessary, as will be shown 
later, that both steam and oil engines 
should have analogous tendencies before 
cars driven by them can be fitted with any 
automatic controlling devices. 

Without going very fully into technical 
details of existing vehicles, it will be 
sufficient to say that electromobiles, fitted 
with various types of accumulators, have 
already been manufactured in large 
quantities by many makers, and that 
their constructional requirements are well 
developed and thoroughly understood. 
In some of these, one or two motors are 
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employed, and in some a separate motor 
is provided for driving each of the four 
wheels, The advantages possessed by 
cars having more than one motor are that a 
differential gear between the two driving 
wheels is no longer required, and that 
variations of speed can be obtained by 
altering the electrical connections be- 
tween them, independently of changing 
the grouping of the accumulator cells. 
The motors themselves also differ con- 
siderably in different vehicles; ‘ shunt,” 
“series,” and “separately excited” field 
-windings are found in use, and each system 
has its special advantages and its own 
Supporters. 

These vehicles are capable of running 
from 20 to 60 miles* without recharging. 
Their simplicity of control and _ their 
quietness when working render them 
superior to any other type of vehicle in 
outward respects. Experience shows that 
they are now thoroughly commercial 
machines for many purposes, but that 
they require careful attention in order 
that the depreciation of the accumulators 
shall be reduced to a minimum. In 
America they are being used to a very 
great extent for town work, and it has been 
found that they effect a considerable 
economy over horse-traction, so long as 
they are systematically employed, and 
provided that they are properly attended 
to when not actually working. 

Generally speaking, electromobiles are 
now capable of meeting a large existing 
demand—a demand for a short-distance 
vehicle, either for passenger or goods 
traffic, and whether for public or private 
use; but their useful field is limited, 
owing to the necessity, not only for 
charging facilities, but also for skilled 
attention to the batteries. It is, therefore, 
the want of a suitable accumulator, and 
that requirement only, which will be 
responsible for their comparative absence 
from our roads and streets in the near 
future. 

There are two distinct types of modern 
steam road vehicles, the one more 
essentially English, and the other more 
recent and more characteristically Ameri- 


* Specially equipped cars have accomplished as much 
As 160 miles on one charge, 


41 


can. Intermediate types also exist, 
especially on the Continent, but they 
are, with one notable exception*, com- 
paratively rare, and are in the nature 
rather of experimental machines than of 
recognised commercial vehicles. Although 
steam cars of various kinds have been 
constructed at different times in the past, 
and although some of them have been 
capable of doing useful work on ordinary 
roads, yet the comparative success of any 
of them appears to have been due more 
to the ingenuity and enthusiasm of their 
constructors than to the suitability of the 
machinery with which they were fitted. 
The need for smaller and lighter steam 
generators and steam engines has been 
recognised for many years. Their con- 
struction has, however, only been rendered 
possible by improvements in other engi- 
neering industries, notably the’ steel in- 
dustry. Not only have launch builders of 
the fast torpedo boat and smaller classes 
required such machinery in consequence 
of the limited space available, but electric- 
lighting engineers have also needed both 
rapid steaming boilers and high-speed 
engines, the former to suit the very 
sudden fluctuations of load which occur 
in many lighting plants, and the latter to 
accommodate themselves to direct-coupled 
dynamo driving. The English type of 
steam car is practically fitted with the 
same class of machinery as is used for 
marine work, and, as might be expected, 
more than gne well-known launch-building 
firm has also’taken up their manufacture. 
These matchines have been constructed 
almost entirely for the heaviest kind of 
goods traffic, and for this work have 
proved very satisfactory. They are for the 
most part constructed for use in the hands 
of a skilled driver, and, as their speed is 
never high, many of them can be managed 
by one man. Tubular boilers of one form 
or another are generally employed, and 
these are fired with either ‘coal, coke, or 
liquid fuel. Special arrangements are 
provided for enabling the driver rapidly to 
vary (over a very wide range) the rate at 
which steam is generated. Boilers working 
more or less on the “ flash” system are 


* The Gardner Serpollet Car. 











42 


also used, although they are not found as 
frequently as the fire-tube or the water-tube 
types. High-speed engines, connected 
with the driving wheels by means of a step- 
down transmission gear, are common to all 
these cars. Although these engines are 
capable of exerting varying torqueat varying 
speeds, in accordance with adjustments of 
throttle-valve and cut-off, several of the 
heavy steam cars now made are fitted with 
at least two different ratio speed-gears. 
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limit in this country. The econony of 
these waggons over those drawn by horses- 
and the low cost of goods-transport as 
compared with railways has already been 
amply demonstrated. Their field of use- 
fulness would, however, be immediately and 
greatly widened but for the legal restrictions. 
which even now limit their maximum tare 
and speed. 

The American type of steam car, unlike 
that above-mentioned, is a radical depar- 
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In other respects, the driving and con- 
trolling mechanism is very similar to that 
common to the majority of steam plants, 
and as a rule no attempt is made to render 
stoking, water-feed, or engine-speed auto- 
matic.* These vehicles weigh from two 
to three tons unladen, carry a load of from 
one to five tons, and are fitted with engines 
capable of giving from ro to 35 h.p. Five 
miles per hour is their present legal speed 





Messrs. Musker, Ltd., are now name waggons, 
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with “‘ flash” boilers, which are automatically fed with fuel 


and water. 


ture from previous steam-engine practice. 
Although too recently introduced to enable 
its real commercial value to be as yet 
ascertained, and although most of those 
now made are too light to stand any really 
rough work on average English roads, it 
probably constitutes the nearest approach 
to a suitable motor car for general purposes. 
which has up to now been made. Were 
it not for inherent difficulties connected 
with steam generators, the future for vehicles. 
propelled on some similar system would 
appear to be assured. ‘The difficulties 
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attending the frequent need for water, the 
use of impure water, the depreciation of 
materials continually subjected to great 
variations of temperature, the comparatively 
low efficiency, and the element, however 
small, of danger, are all points which tend 
to render steam boilers somewhat unsuit- 
able for this work. 

There are few points of resemblance 
between the heavy cars previously referred 
to and these light steam vehicles, for not 
only are they intended for totally different 
purposes, but the ratio of weight to power 
has been greatly reduced, and automatic 
controls have also been introduced. The 
result of the former is that no mechanical 
variable speed-gearing is necessary, because 
the ranges of speed and power of the en- 
gines are sufficient for the requirements. 
The result of the latter is that comparatively 
little attention to the propelling mechanism 
is necessary. The boilers used are arranged 
in such a manner that the temperature of 
their heating surfaces are automatically 
controlled by their steam pressure, liquid 
fuel (generally petrol) being used for heat- 


ing, and the admission of cold air being 
sometimes employed for cooling when 


necessary. Amore orless automatic feed 
of water to the boilers is also provided, and 
thus it is only necessary for the driver to 
regulate the admission of steam to the 
engines in order to control the speed of the 
cars. A considerable difficulty connected 
with steam cars is that of condensing the 
exhaust steam. Desirableas this is, in order 
to secure greater efficiency, in order to use 
condensed water for the boiler, in order 
to avoid constant replenishing of the water 
supply, and in order to avoid any visible 
exhaust from the car, yet attempts to con- 
struct a sufficiently small and light effec- 
tive condenser have so far proved but 
partially successful. The tendency for 
lubricating oil in the working cylinders to 
be carried into the boiler is also an addi- 
tional reason why they are absent in many 
of these cars. 

The present position then, as regards 
steam vehicles, is that both high-powered 
low-speed and low - powered high-speed 
machines exist, that the former are 
thoroughly satisfactory for the heaviest 
kind of traffic in the hands of skilled 
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mechanics, and that the latter will be 
found suitable for light private work, pro- 
vided that they prove sufficiently durable 
and safe. The heavy waggons would be 
even more economical if they were con- 
structed for safe use in the hands of 
unskilled drivers, and the light cars have 
yet to show that they are capable, as at 
present constructed, of continuously stand- 
ing the work for which they are intended. 

Neither of these types, however, are 
able to meet the bulk of the demand 
which undoubtedly exists for automobiles, 
and an intermediate form is also required. 
The difficulties of construction of such a 
vehicle are greater than those involved in 
either the larger or the smaller types, and 
further development in this direction -has 
apparently awaited the appearance of new 
systems, of new boilers, or of new burners. 
One such machine has already been placed 
on the market in England, after having 
proved very successful on the Continent, 
and several others of the medium type 
are still undergoing their experimental 
stages ; the introduction of some of them 
may be expected shortly. 

‘Motor cars driven by oil engines, al- 
though more common than steam vehicles, 
are in reality considerably less generally 
understood. Explosion engines of any 
kind have only been in existence for 
a short period in comparison with 
steam engines, and are in consequence 
relatively undeveloped. The great interest 
in motor vehicles which has been taken 
by the public during the past year or two, 
has brought to light the fact that the 
popular idea of a gas engine and its 
method of -working is extremely vague. 
The majority of the public are not aware 
that the gas is drawn into the cylinder of 
the engine together with air and that the 
mixture is there ignited so as to produce 
a sudden high pressure behind the piston. 
Automobilists have occasionally found 
such explanations as this td cause quite 
a sensation of astonishment, together with 
a vague comprehension of the relative 
simplicity of the essential mechanisms re- 
quired for a gas engine, owing to the ab- 
sence of any boiler.. Explosion engines, 
like steam engines, are merely machines 
for converting heat into mechanical energy ; 
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the great difference between them being 
that, whereas the latter generate energy from 
the fuel continuously, and utilise it through 
the intervention of a flexible medium, the 
former generate energy intermittently and 
utilise it both instantly and directly. In con- 
sequence of these differences, the loss of 
energy is greater in a steam system, but 
the difficulties of regulating the fuel to 
constantly and precisely correspond with 
the power absorbed, are greater in ‘a gas 
engine system. The development of the 
explosion engine is interesting, and its 
possibilities are apparently enormous. The 
slow-speed gas engine, gradually at first, 
but rapidly after the introduciion of the 
“Otto” cycle, forced its way into universal 
use for stationary purposes, where auto- 
matic (and constant speed) working .was 
required. More recently oil engines of a 
similar character, in which petroleum oil 
was first converted into gas by the 
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agency of heat, were constructed for use 
in similar circumstances, but in localities 
where no gas supply was available. Few 
of these oil engines, if any, proved as 
satisfactory as gas engines, owing to the 
difficulty of obtaining complete combus- 
tion of the fuel, to the consequent smoke 
from the exhaust gases, and to the for- 
mation of carbon deposits in the working 
parts of the engines. These stationary 
gas and oil engines are /arge enough 
relatively to their power to be free 
from such troubles as are liable to 
occur when very small quantities of 
fuel, mixed accurately with small quan- 
tities of air, are required, or when a 
high generation of power in a very 
small space is necessary. They are also 
slow enough to render unimportant any 
slight variations in the time occupied by 
any of the processes forming the cycle of 
operations of the engine. In other words, 
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the relative size and speed of explosion- 
engines have, until recently, been such, 
that when working at an approximately 
constant speed their sensitiveness has 
been slight, and any functional inaccuracies 
which may have occurred during working 
have been immaterial, since such functions 
have continued sufficiently to synchronise 
with the motions of the engine. Engines 
of this type weigh from three to six cwts. 
per horse-power, their speed is from 180 
to 300 revs. per min., and the space oc- 
cupied by them varies from 7 to 22 cubic ft. 
per horse-power. Similar reasons to those 
which demanded a lower ratio of weight 
to output with steam engines, have 
rendered necessary the production of 
high-speed and high-pressure explosion 
engines. Roughly speaking, the same 
primary difficulties have been encountered 
in both cases, and the same necessity for 
improved metallic and other materials 
existed. In the case of explosion engines, 
however, the natural difficulties are even 
greater than with the steam engines, in 
consequence (1) of the very small space 
in which the numerous and analogous 
mechanical improvements have had to be 
made; (2) of the fact that the working 
cylinder itself also constitutes the equi- 
valent of the steam-generator and furnace ; 
(3) of the feed of fuel being intermittent, 
of its requiring a definite amount of air 
mixed with it, and of its demanding both 
compression and subsequent ignition ; (4) 
of the rapid, periodic and enormous varia- 
tions of temperaturein the cylinder ; and (5) 
of the necessity for a heavy fly-wheel, 
with the equal angular velocities of which 
the various operations taking place in the 
working cylinder must essentially syn- 
chronise. As against all these difficulties 
in the construction of high-speed explosion 
engines, their very causes constitute ad- 
vantages in any engine capable of utilising 
them—advantages which no steam engine 
could ever possess. Higher efficiency, 
lower ratio of weight to power, and com- 
parative absence of any danger, are the 
chief essential attributes of the internal 
combustion engine. 

In spite of the fact that no equivalent 
engine or machine of any kind has, in all 
probability, ever required such careful 
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study, minute experiment and persistent 
perseverance, as has the high-speed ex- 
plosion engine, its development during 
the past few years has been extraordinary. 
A careful analysis of the development 
shows that two distinct methods of solving 
this important problem have been em- 
ployed, and that both systems have met 
with a considerable degree of well-merited 
success. On the one hand, practical ex- 
perimenters have constructed engines of 
small size, but capable of running without 
injury at a very high speed, and have con- 
tinued in their endeavours to make these 
engines work regularly without departing 
from any of the general arrangements of 
the well-known slow-speed machines. On 
the other hand, scientific investigators have- 
attempted to construct engines in which 
special provisions are made for ensuring. 
their regular and correct action at high 
speeds. Not only have both systems led 
to satisfactory progress, as has been said, 
but the resulting variety of working 
machines has led to a more rapid com- 
prehension of their precise internal actions 
and reactions and of the exact degree of 
perfection which is necessary in them for 
use on automobiles. Although the diffi- 
culties connected with oil engines of the 
older type prevented their giving such satis- 
factory results as gas engines, it was 
necessary for inventors to also overcome 
the drawbacks attending the use of petro- 
leum instead of gas, since no gas supply 
is available in the majority of cases, as in 
launches and motor cars, where high-speed 
explosion engines are most required. In 
order to do this, recourse has been had to 
the lighter oils, gasoline or petrol, which 
give off hydrocarbon gas at atmospheric 
temperature, and by the use of which the 
problem of constructing satisfactory fast 
motors, to work with ordinary lamp - oil 
has been so far avoided. At the present 
time numerous types of these light oil 
motors have been placed upon the market, 
and the majority of them are comparatively 
satisfactory for motor car propulsion—com- 
paratively so, both because. gasoline is: 
neither so cheap or safe as the heavier 
oils (kerosene), and also because their 
further possible improvement is so great. 
The methods employed for the construc- 
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tion of light and powerful motors not only 
consist in enabling them to run at a high 
speed, by the provision of large inlet and 
exhaust valves, and thus to obtain a 
greater number of working explosions in 
a given time, but the degree of compression 
to which the explosive charge is subjected 
prior to ignition is also increased, with the 
result that the power of the explosions 
becomes considerably greater. An im- 
portant feature of these motors is, that in 
spite of the greater resistance to the in- 
coming and outgoing gases, and of the 
greater friction due to the high speed, yet 
their efficiency is as high as the slower 
running machines. This appears to be 
largely due to the fact that the heat 
generated by the explosions is converted 
into mechanical effort more rapidly, and 
that therefore less power is wasted in heat- 
ing the cylinder walls. A further explana- 
tion is to be found in that the combustible 
charge is more thoroughly mixed in the 
cylinder prior to ignition. 

' The greatest difficulty was experienced 
in obtaining ignition at precisely the correct 
time in the cycle of -operations in the 
cylinder. The absolute necessity for this 
is due to the fact that the correct time 
occurs immediately after the piston has mo- 
mentarily come to rest near the inner end 
of the cylinder. If the explosion takes 


place prior to this period it tends to stop 
and reverse the engine ; and, on the other 
hand, if it fails to occur soon enough its 
effect is considerably decreased, because 
it will then occur at a lower compression 
and in a larger space. 4 
The different motors now obtainable are 
all very similar to one another in general 
respects. Some of them, however, are in- 
tended to work at a more or less constant 
speed, and some of them are so con- 
structed that their speéd can be varied over 
a wide range. This difference depends 
largely upon the ignition devices used, and 
upon whether provision is made for varying 
the time in the cycle of the engine at which 
the explosive charge is ignited. The 
constant-speed motors are usually fitted 
with a governor, and the variable-speed 
motors are mostly controlled by hand. 
Unlike the steam engine and the electric 
motor, oil motors work best when fully 
loaded, and are incapable of continuing 
to work at all if they are overloaded. For 
these reasons variable-speed oil motors are 
preferable for motor cars, because their 
power can be varied by merely varying their 
speed. With either type, however, the use 
of several different ratio speed gears is 
necessary in order that the leverage with 
which the engine tends to drive the wheels 
of the car can be varied to suit the road 
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conditions. Reference has already been 
made to the importance of correctly- 
timed ignition, and to the necessity for 
varying the time at which ignition occurs in 
the cycle of the motor if any considerable 
alteration of engine-speed is required. The 
reason is, that a perceptible time elapses 
between the moment at which the igniter 
sets fire to the combustible mixture and the 
moment at which the effective explosion 
acts upon the piston. The actual time 
taken may only be one-fiftieth part of a 
second or less, but since a whole revolu- 
tion of the motor-shaft only takes one- 
tenth of a second, when the engine is 
running at 600 revolutions per minute, 
this delay would seriously upset the effec- 
tive working ef the motor. It is for this 
reason that the time of ignition must be 
adjusted to take place proportionately 
earlier, in order to permit the motor to 
run faster. The majority of motors now 
available and provided with this adjust- 
ment, employ an electric spark to fire the 
explosive charge, because electricity lends 
itself particularly well for such rapid 
actions as these. Roughly speaking, 
high-speed explosion motors are now con- 
structed to develop any power from § h.p. 
upwards, to run at speeds up to 2,000 
revolutions per minute (or even 3,000 in 
the smallest sizes), to weigh from 15 lbs. 
per. horse-power, and to occupy as little 
space as one-third of a cubic foot per 
horse-power. 

The success of automobiles fitted with 
oil-engines is due to the natural compact- 
ness, the automatic working, the readiness 
to start without delay, and the safety of 
the motors. These advantages have more 
than compensated for the delicacy of the 
motors themselves, and for the drawbacks 
attending the use of any of the existing 
forms of change-speed and reversing gears. 
At the present time thousands of cars of 
this type are in regular use, and they have 
proved themselves capable of meeting 
all traffic requirements, and to be under 
more perfect control than any horse-drawn 
vehicles could. ever be. They are, 
moreover, able to travel as fast as road 
conditions would render advisable, and 
the cost of their fuel consumption and 
upkeep is extremely low. The manage- 
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ment of these machines requires a certain 
amount of skill and experience, although 
there is nothing connected with their con- 
trol which cannot be acquired by anyone 
who is. willing to devote a reasonable 
amount of care to them. They are not as 
automatic as electromobiles, nor even as 
the American steam cars, and very little 
has up to now been done to render them 
so; the general tendency having been to 
lower their cost, and to reduce the 
number of their working parts. 

The directions in which improvements 
may be expected in these cars are in the 
use of the heavier petroleum oils instead 
of petrol, in rendering the motors even 
more automatic and less delicate than 
they now are, in the application of a 
gradually variable speed-gear instead of 
the present jerky, “step-by-step” gears, 
and in the adoption of automatic devices 
for effecting all the more or less con- 
tinuous adjustments which are necessi- 
tated by variations of road surface and 
of incline. Each of these points is of 
very great importance, and it is in these 
special respects that the existing oil cars 


- are crude, in spite of their being capable 


of performing so much _ useful work. 
Petrol has the advantages of being clean 
and sufficiently safe for use as fuel, but it 
is considerably more expensive and less 
easy to obtain than kerosene, besides 
being regarded as dangerous by the rail- 
way, insurance, and other public com- 
panies ; it is used oa sufferance, and not 
by preference, solely because, at the 
present stage of development, lamp-oil 
cannot be used without giving trouble in 
the motor, or without causing smoke and 
smell. Regarding the question of im- 
proved motors, the present machines are 
already automatic in the sense that they 
will run without much attention, but this 
is only the case provided that the con- 
ditions under which they are working do 
not vary very much. On_ motor cars 
these working conditions do vary enor- 
mously ; at times the speed of the car 
must be reduced by means of the gearing, 
in order to enable the engine to do the 
necessary work at all, whilst at other 
times the caf is driving the engine, and 
hence no power whatever is required. 
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tion of light and powerful motors not only 
consist in enabling them to run at a high 
speed, by the provision of large inlet and 
exhaust valves, and thus to obtain a 
greater number of working explosions in 
a given time, but the degree of compression 
to which the explosive charge is subjected 
prior to ignition is also increased, with the 
result that the power of the explosions 
becomes considerably greater. An im- 
portant feature of these motors is, that in 
spite of the greater resistance to the in- 
coming and outgoing gases, and of the 
greater friction due to the high speed, yet 
their efficiency is as high as the slower 
running machines. This appears to be 
largely due to the fact that the heat 
generated by the explosions is converted 
into mechanical effort more rapidly, and 
that therefore less power is wasted in heat- 
ing the cylinder walls. A further explana- 
tion is to be found in that the combustible 
charge is more thoroughly mixed in the 
cylinder prior to ignition. 

The greatest difficulty was experienced 
in obtaining ignition at precisely the correct 
time in the cycle of operations in the 
cylinder. The absolute necessity for this 
is due to the fact that the correct time 
occurs immediately after the piston has mo- 
mentarily come to rest near the inner end 
of the cylinder. If the explosion takes 


place prior to this period it tends to stop 
and reverse the engine ; and, on the other 
hand, if it fails to occur soon enough its 
effect is considerably decreased, because 
it will then occur at a lower compression 
and in a larger space. f 
The different motors now obtainable are 
all very similar to one another in general 
respects. Some of them, however, are in- 
tended to work at a more or less constant 
speed, and some of them are so con- 
structed that their speed can be varied over 
a wide range. This difference depends 
largely upon the ignition devices used, and 
upon whether provision is made for varying 
the time in the cycle of the engine at which 
the explosive charge is ignited. The 
constant-speed motors are usually fitted 
with a governor, and the variable-speed 
motors are mostly controlled by hand. 
Unlike the steam engine and the electric 
motor, oil motors work best when fully 
loaded, and are incapable of continuing 
to work at all if they are overloaded. For 
these reasons variable-speed oil motors are 
preferable for motor cars, because their 
power can be varied by merely varying their 
speed. With either type, however, the use 
of several different ratio speed gears is 
necessary in order that the leverage with 
which the engine tends to drive the wheels 
of the car can be varied to suit the road 
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conditions. Reference has already been 
made to the importance of correctly- 
timed ignition, and to the necessity for 
varying the time at which ignition occurs in 
the cycle of the motor if any considerable 
alteration of engine-speed is required. The 
reason is, that a perceptible time elapses 
between the moment at which the igniter 
sets fire to the combustible mixture and the 
moment at which the effective explosion 
acts upon the piston. The actual time 
taken may only be one-fiftieth part of a 
second or less, but since a whole revolu- 
tion of the motor-shaft only takes one- 
tenth of a second, when the engine is 
running at 600 revolutions per minute, 
this delay would seriously upset the effec- 
tive working ef the motor. It is for this 
reason that the time of ignition must be 
adjusted to take place proportionately 
earlier, in order to permit the motor to 
run faster. The majority of motors now 
available and provided with this adjust- 
ment, employ an electric spark to fire the 
explosive charge, because electricity lends 
itself particularly well for such rapid 
actions as these. Roughly speaking, 
high-speed explosion motors are now con- 
structed to develop any power from $ h.p. 
upwards, to run at speeds up to 2,000 
revolutions per minute (or even 3,000 in 
the smallest sizes), to weigh from 15 lbs. 
per horse-power, and to occupy as little 
space as one-third of a cubic foot per 
horse-power. 

The success of automobiles fitted with 
oil-engines is due to the natural compact- 
ness, the automatic working, the readiness 
to start without delay, and the safety of 
the motors. These advantages have more 
than compensated for the delicacy of the 
motors themselves, and for the drawbacks 
attending the use of any of the existing 
forms of change-speed and reversing gears. 
At the present time thousands of cars of 
this type are in regular use, and they have 
proved themselves capable of meeting 
all traffic requirements, and to be under 
more perfect control than any horse-drawn 
vehicles could. ever be. They are, 
moreover, able to travel as fast as road 
conditions would render advisable, and 
the cost of their fue! consumption and 
upkeep is extremely low. The manage- 


47 


ment of these machines requires a certain 
amount of skill and experience, although 
there is nothing connected with their con- 
trol which cannot be acquired by anyone 
who is willing to devote a reasonable 
amount of care to them. They are not as 
automatic as electromobiles, nor even as 
the American steam cars, and very little 
has up to now been done to render them 
so; the general tendency having been to 
lower their cost, and to reduce the 
number of their working parts. 

The directions in which improvements 
may be expected in these cars are in the 
use of the heavier petroleum oils instead 
of petrol, in rendering the motors even 
more automatic and less delicate than 
they ‘now are, in the application of a 
gradually variable speed-gear instead of 
the present jerky, “step-by-step” gears, 
and in the adoption of automatic devices 
for effecting all the more or less con- 
tinuous adjustments which are necessi- 
tated by variations of road surface and 
of incline. Each of these points is of 
very great importance, and it is in these 
special respects that the existing oil cars 


- are crude, in spite of their being capable 


of performing so much useful work. 
Petrol has the advantages of being clean 
and sufficiently safe for use as fuel, but it 
is considerabiy more expensive and less 
easy to obtain than kerosene, besides 
being regarded as dangerous by the rail- 
way, insurance, and other public com- 
panies ; it is used on sufferance, and not 
by preference, solely because, at the 
present stage of development, lamp-oil 
cannot be used without giving trouble in 
the motor, or without causing smoke and 
smell. Regarding the question of im- 
proved motors, the present machines are 
already automatic in the sense that they 
will run without much attention, but this 
is only the case provided that the con- 
ditions under which they are working do 
not vary very much. On_ motor cars 
these working conditions do vary enor- 
mously ; at times the speed of the car 
must be reduced by means of the gearing, 
in order to enable the engine to do the 
necessary work at all, whilst at other 
times the caf is driving the engine, and 
hence no power whatever is required. 
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The great variations of gradient on many 
of our roads necessitate a considerable 
degree of perfection both in the engines 
and in the transmission gearing, together 
with great flexibility of output in the 
former. In consequence of the difficulty 
of varying the force of each explosion in 
the cylinder of these machines, it is not 
easy to provide them with a satisfactory 
governor, and there is room for further 
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having overwhelming advantages over all 
other known power-generators. 

Variable speed transmission gearing 
between the motor and the driving wheels 
has already been referred to as a necessity 
with this system. Such gearing is essentially 
used in order to prevent the engine from 
becoming overloaded when the car is 
climbing up a steep incline, and in order 
at the same time to provide means where- 


QUE EN VICTt 


AN ENGLISH STEAM DELIVERY VAN. 


development in this respect. At the 
present time there are also many small 
adjustments which the driver has to per- 
form, for other reasons; it may be that the 
temperature of the engine has varied, or 
it may be that a valve is leaking slightly, 
but such small causes as these produce 
trouble unless they are compensated for. 
It is the substitution of automatic means 
for controlling these minor adjustments 
that is required, and that will convert a 
delicate mechanism into a hardy machine, 


by the speed of the car can be increased 
on level or comparatively easy roads with- 
out increasing the speed of the engine 
unduly. It is a curious fact that no 
satisfactory mechanism exists which car 
effect these changes of relative speed 
gradually,and which is capable of efficiently 
transmitting sufficient energy for this 
purpose ; it is possible that the non- 
existence of any very pressing necessity 
for such a mechanism is partly account- 
able for its absence hitherto, although the 
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actual difficulties of providing such a 
device are very considerable. Several 
forms of gradually variable gears have been 
tried recently, and some of these have 
given hopeful results, but, at the moment, 
none of them can be regarded as having 
entirely satisfied all requirements. The type 
of gearing which is generally used consists 
of several trains of gearing, each giving a 
different speed ratio of motor to driving- 
wheel, and all of which normally revolve 
idly ; the method employed for trans- 
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of oil motors is any criterion as to the 
progress which will be made in transmission 
gearing, it will not be necessary to wait 
long before some practical gears of this 
improved kind are available. 

The kind of automatic devices which 
are so necessary in order to enable oil- 
driven cars to take their natural place, in 
comparison with vehicles propelled by 
any other known system, consist of govern- 
ing arrangements for regulating the speed- 
ratio provided by the transmission gear. 


A MOTOR BICYCLE (OIL). 


mitting the power to the road wheels is 
to bring either of them at a time into 
play. The tendency with this arrange- 
ment is to cause sudden variations of 
speed whenever a different train is brought 
into use, and these changes are not only 
unpleasant to the passengers, but are 
harmful to the machinery, unless they are 
effected by a thoroughly proficient driver 
who has acquired the necessary knack. 
In the many forms of gradual change-gears 
which have recently been devised, several 
entirely ‘different principles have been 
employed by their inventors ; if, as may 
be hoped, the rapidity of the development 
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It is both necessary and reasonable that 
the driver should vary the speed-gear when 
he wishes the car to travel faster or more 
slowly; but it is quite another matter, 
and one which needs a certain amount 
of skill, when he is compelled to vary 
the gear in consequence of the inability 
of the motor to maintain the speed 
which he desires. This latter duty is 
now a necessity when a steep incline is 
encountered, and, if omitted, would result 
in a complete stoppage. Devices for 
automatically effecting such unnecessary 
hand regulations as these are not ‘only 
desirable, but they would ensure much 
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more accurate control of the car. It is 
hardly likely, however, that these will be 
employed until some form of gradual 
change-gear has first been adopted. 

Motor cars actuated by compressed 
air, and even by liquid air, have been 
suggested and constructed, but for all 
practical purposes the three systems above 
referred to, electric, steam, and oil, are the 
only methods which need serious con- 
sideration to-day. Owing to the limited area 
over which the electric cars are likely to be 
able to work for some time to come, it is 
to the steam and oil systems that we 
chiefly have to look for improved means 
of road locomotion in the immediate 
future. Consideration -appears to show 
that until oil cars are still further developed 
they will not be able to compete with 
steam for the heaviest traffic requirements, 
but that they are capable of such consider- 
able improvement, and have such im- 
portant natural advantages that they 
will, assuming that such apparent develop- 
ment is realised, entirely supersede steam 
for this work ultimately. There is, 


however, every reason to suppose that 
both systems will have their devoted 
followers for some time to come. 

From a commercial point of view, the 
question of prime cost is one of very great 


importance. Motor cars, to be good, can 
never be cheap; that is to say, many of 
those to whom a motor car would prove 
an extremely economic investment, if 
they had the capital, would have great 
difficulty in obtaining the necessary money 
to purchase one. ‘The present tendency 
in the industry is to reduce their prime 
cost to a minimum in order to bring them 
within the means of the largest possible 
number of users; this tendency must of 
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necessity lead to the construction of 
inferior machines, and, as is well known, 
inferior machinery of any kind is con- 
siderably more expensive in the long run. 
The result of this position is, that either the 
industry will suffer, or that financiers will 
recognise their opportunity and will come 
to the rescue ; the latter alternative is not 
only to be desired, but is the more prob- 
able. For the reasons stated above, 
there are many who would gladly avail 
themselves of the chance of hiring a 
motor vehicle, and who would be able 
and willing to pay a sufficient sum for its 
use amply to repay the purchaser both ~ 
for interest and depreciation. Although 
there must be, for some time, a risk that 
even the latest machines will rapidly 
become obsolete, yet the probabilities of this 
occurring will become less and less. The 
rate charged for the hire could be propor- 
tionately greater now than in the future, and 
the cost of reconstructing vehicles so as 
to bring them up to date would not be 
a very serious matter provided that they 
were dealt with in quantities. 

In conclusion, it may be urged that the 
only deductions which can result from a 
thorough investigation into the mechanical 
and commercial position of automobilism, 
are that we have witnessed the early 
struggles of what is now becoming an 
enormous industry, that none of the 
supposed objections to these machines are 
such as apply to more than the earliest 
examples, and that there are already few 
cases in which horse-drawn traffic cannot 
economically be replaced by the auto- 
mobiles which are now on the market. It 
is to ignorance, pure ‘and simple, that 
any disinterested opposition is at present 


due. 
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I1.—INTRODUCTION. 


HE remarkable effect that nickel has 

upon the physical properties of 

steel when alloyed with the latter 

in proportions varying from 2 per 
cent. to 14 per cent. has raised the former 
metal into a position of considerable 
importance. The increased tenacity and 
hardness conferred upon the steel is 
indicated by tests of a 1-in. bar of nickel- 
steel containing 114 per cent. nickel. 
This showed a tensile strength of 89 tons, 
as compared with a strength of 32 tons for 
a bar of the unalloyed steel, of the same 
sectional area. The resisting power of 
steel to compression is also greatly 
increased by alloying with nickel, and 
this fact alone, apart from the increase of 
tensile strength, is causing naval con- 
structors in all countries to turn their 
attention to the new alloy. Nickel-steel 
is thus coming into extensive use for the 
construction of battle-ships. In the States 
alone, in 1897, 400 tons of nickel are 
stated to have been used for production of 
armour-plates. The metallurgy of nickel 
is therefore a subject demanding the 
attention of all interested in the manu- 
facture of steel; and, in the present 
article, the writer proposes to give a brief 
account of the two main sources of supply, 
together with a detailed description of the 
methods of smelting and refining now in 
use in Europe and America. 

Nickel Ores.—The two chief mining 
centres for the production of nickel ores 
are New Caledonia, an island under French 
control in the Southern Pacific, and the 
Sudbury districts of Ontario, in Canada. 
In New Caledonia the metal occurs as a 
hydrated silicate of nickel and magnesium, 
containing 7 per cent. nickel. The smelt- 
ing and refining of this ore is more simple 
than that of the Sudbury ore, which 
contains iron, nickel, and copper as 
sulphides. The latter ore has _ only 


recently been smelted upon an exten- 
sive scale, but the increased demand 
for nickel has led. to the adoption of 
improved methods of working, and now 
quite one half of the total production 
of the metal comes from the Sudbury 
mines. The difficulties attending the 
smelting and refining of the Canadian 
ores are to some extent compensated for 
by the fact that it contains platinum, 
palladium, gold, and silvers By the 
methods of smelting and refining now 
in use, some portion of these valuable 
“impurities” is recovered. According 
to Ulke, the value of the platinum and 
palladium in the Sudbury ores mined in 
recent years has been over £6,000 per 
annum. The figures for the world’s 
production of nickel since 1889, so far 
as they are available, are given in Table L., 
these having been compiled from various 
sources of information.* Norway produces 
a small amount annually from native ores, 
but this has not been separately entered 
in Table I. 

The processes used for extracting nickel 
from its ores may be roughly classified as 
“dry” and “wet” processes. The former 
are whollly metallurgical in character ; the 
latter are electrolytic, the nickel being 
deposited from the solutions obtained by 
aid of an electric current. 

The New Caledonian ore yields a pure 
nickel by aid of comparatively simple 
metallurgical reduction processes. The 
Sudbury ores, on the other hand, demand 
the application of both dry and wet 
processes before the nickel is obtained in 
a marketable form. 

Il,—DRY PROCESSES FOR THE EXTRACTION OF 
NICKEL FROM ITS ORES. 


(a) New Caledonian Ore Process.—The 
ore, after careful hand-sorting, is smelted, 
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TABLE I. PRODUCTION OF NICKEL DURING THE PERIOD 1889-1898 IN METRIC TONS. 
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with the addition of calcium ‘sulphide 
(alkali waste) or of limestone, sulphur and 
coke, in a cupola furnace. The silica, 
magnesia, and alumina pass into the slag, 
and a product containing only nickel, 
iron, and sulphur is obtained. This 
regulus is powdered and roasted with 
quartz sand two or more times. The 
iron passes into the slag, and the process 
is repeated until the iron has been re- 
duced to ‘50 per cent. The refined 
regulus, containing about 16 per cent. 
sulphur, is again crushed, and is roasted 
in a reverberatory furnace to drive off the 
sulphur and to convert the nickel into 
oxide. This roasting continues until only 
‘40 per cent. sulphur is left in the charge. 
The oxide is finally reduced to the metal 
by mixing as a paste with flour or other 
organic matter in the necessary propor- 
tions, and by heating the dried paste, cut 
into cubes, in pots placed, first, in a muffle 
furnace, and after in a crucible furnace. 
A very high temperature (1100 to 1200 
degs. C.) for 24 to 28 hours is required 
to obtain metallic nickel.* 

(6) “ Zops and Bottoms” Process.— 
This process, also known as the “ Alkali- 
Sulphide,” “ Bartlett- Thompson,” and 
“Orford” process, is that used for the 
Sudbury ore by the Orford Copper Com- 
pany at New Jersey. The ore is first 
roasted, and yields after this operation 
a matte containing 20 to 25 per cent. 
copper, 18 to 23 per cent. nickel, 25 to 
35 per cent. iron, and 20 to 30 per cent. 
sulphur. This matte is smelted with 
sodium sulphate (salt cake) and coke, 
in a cupola furnace. The molten mass 
separates on cooling into two layers. The 
copper and iron sulphides, with the sodium 
sulphide produced by reduction of the 


* Journal Society Chemical Industry. November, 1892. 


sulphate, form the upper portion, while 
the heavier nickel sulphide is found in 
the lower portion of the mass. The “tops” 
and “bottoms” are again subjected to a 
second treatment with’ sodium sulphate 
and coke, in order to obtain a more 


’ complete separation of the nickel sulphide. 


The resulting matte of nickel sulphide 
still contains some copper, together with 
all the noble metals present in the ore. 
It is roasted with sodium chloride 
(common salt) in order to convert the 
copper, silver, and gold into soluble salts. 
After cooling, the mass is leached with 
water, and the solution obtained is treated 
with scrap iron, in order to precipitate 
the dissolved metals. The nickel in the 
residue from the leaching operations exists 
partly as sulphide and partly as oxide, 
and it is reduced in the ordinary way by 
roasting, and heating with some form 
of carbon. The crude nickel obtained 
by this process contains 95 to 96 per 
cent. nickel, 3 per cent. sulphur, ‘75 per 
cent. iron, ‘45 per cent. carbon, ‘20 to 
‘60 per cent. copper, and ‘25 per cent. 
silicon. It is refined by an electrolytic 
process, which will be described later. 
The Canadian Copper Company, who 
work the Sudbury mines and place the 
ores on the market, have recently built 
a nickel smelting and refining works at 
Cleveland, Ohio, and the writer believes 
that all the Sudbury ore is now treated 
at this new works.* 

(c) The Lange-Mond Process. — This 
process depends upon a property of 
carbonic oxide gas, discovered about ten 
years ago in Dr. Mond’s research labora- 
tory. This gas, when passed over nickel 
in a finely divided state, undergoes poly- 
merisation, and takes up one atom of 


* Zeits. f. Elektrochemie, June, 1897. 
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nickel. The new compound “nickel 
carbonyl” is volatile at 50 deg. Cent., 
and has the formula Ni(CO),. When 
heated to 350 deg. Cent. it decomposes 
with separation of the nickel. Based 
upon this property of carbon-monoxide 
a process has been worked out for 
treating mixed sulphide ores containing 
nickel. After working for a considerable 
period upon an experimental scale at 
Smethwick, near Birmingham, where, 
according to Prof. Roberts-Austen, 80 tons 
of nickel have been produced, arrange- 
ments have been made for the process to 
be transferred to Clydach, in South Wales, 
and to be operated upon a more extensive 
scale. The operations required in order to 
extract nickel from its ores by this process 
‘are four in number, namely :—Grinding 
and roasting the ore; extracting the copper 
with sulphuric acid ; reducing the nickel 
to the metallic state by means of water- 
gas; volatilising this reduced nickel by 
means of carbon-monoxide. The process 
is therefore somewhat complicated, and 
according to Ulke, its success has only 
been partial, but as new works are to be 
erected in South Wales it is evident that 
the process can, under advantageous 
conditions, be operated to yield a 
profit. 

(d@) The Clergue-Horry Process.—An 
electric furnace method of treating nickel 
ores has been worked on an experimental 
scale at Sault Ste. Marie, in Canada, and 
it is now proposed to erect a large works 
there for the manufacture of ferro-nickel 
alloys by the new process. Sudbury ore 
was used in the trials, and after roast- 
ing down to 7 per cent. sulphur it was 
pulverised- and mixed with lime and 
carbon. The mixture was then smelted 
in an electric furnace, the 
current used being an alter- 
nating one, and thus capable 





of only producing heating 
effects. The best results gave 
an alloy containing 40 per cent. 


O 








nickel, 28 per cent. iron, 12 
per cent. carbon, and 15 per | 





cent. silicon, with 5 per cent. 
of other unestimated elements. 
It does not appear from the 
published tests that the alloy 


Feloen 


contained any 
copper. Krupp, 
of Essen, is said 
to be inter- 
ested in the 
process, and to 
have’ given 
orders for large 
quantities of 
the ferro-nickel 
alloys. 

A 20,000 h.p. 
plant, operated 
by water-power, 
is spoken of, 
but this figure 
doubtless refers, 
in true Ameri- 
can fashion, to 
the far distant 
future. 


Ill.— WET PRO- 
CESSES FOR 
THE EXTRAC- 
TION OF NICKEL 
FROM ITS ORES. 


As 
stated 


already 
in the 


introduction, + 


the wet pro- 
cesses used for 
nickel extrac- 
tion or refining 
are electrolytic, 
and depend 
upon the use 
of an electric 
current for 


| 
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depositing nickel from solutions of its 
salts. Such electro-deposition of nickel 
is, of course, simple when pure solutions 
of nickel salts are used and only a thin 
coating of the metal upon the cathode is 
desired. “ Nickel-plating” under these 
conditions is now an extensive industry. 
The simplicity, however, disappears when 
impure solutions containing copper, iron, 
and other metals have to be dealt with, 
and this impurity of the solutions obtained 
from the nickel matte has been one of 
the chief obstacles to the development of 
electrolytic methods in connection with 
the nickel extracting and refining industry. 
The theoretical amount of energy required 
to deposit 1 kg. of nickel from such solu- 
tions depends upon the state of oxidation 
in which the metal is present and upon 
the nature of the anode and cathode. 


O 


Fenden 
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Using insoluble electrodes, and the salts 
of the higher oxide of nickel, 2°53 kilo-watt 
hrs. are required to deposit 1 kg. of the 
metal from the chloride solution, and 
2°87 kilo-watt hrs. from the sulphate solu- 
tion. As a rule soluble anodes are used, 
however, and these figures are reduced 
owing to the e.m.f. created by the solution 
of nickel and copper at the anode. Thus 
Ronco states that at Cleveland 1°71 kilo- 
watt hrs. suffice to deposit r kg. of nickel. 
Taking the cost of the kilo-watt hour at 3¢., 
the cost of current is seen to be less than 
7 per cent. of the value of the nickel . 
obtained. The cost of the electrical 
energy required is therefore a com- 
paratively unimportant item in the total 
cost of nickel production; and as the wet. 
methods of treatment allow the platinum 
and palladium to be recovered from the 
anode sludge, it would seem certain that 
in time all ores containing these precious 
metals will be subjected to the combined 
“dry” and “wet” methods of 
treatment. As in copper re- 


fining, the value of the “im- 


purities ” of the ore may exercise 
a very important influence upon 
the development of the electro- 
lytic processes. 

The difficulties attending the 
electro-deposition of nickel are, 


however, greater than in the 
case of copper. The anode 
material always contains a larger 
percentage of impurities, and, 
after the deposit of nickel at the 
cathode has reached a certain 
thickness, it shows a disposition 
to peel away and detach itself in 
flakes. 

Foerster has investigated the 
latter phenomenon, and _ has 
proved that it can be overcome 
in the case of sulphate solutions 
by working them at a tempera- 
ture of 60 degs. Cent.* The 
deposition of thick plates upon a 
practical working scale of opera- 
tions is therefore: feasible, and 
the only special difficulty is that 


2680 due to the losses arising from 


Vol. iv., p. 160. 


* Zeits. f. Elektrochemie. 
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anode scraps and slime, which, according 
to Ulke, in some cases rise as high as 
40 per cent. of the alloy used. Of course, 
this is re-worked; but the tendency of 
the anodes to crumble away adds to the 
expense of the process. 

(a) The Balbach Copper Company's 
Process.—This company was, the writer 
believes, the first to obtain plates of nickel 
of marketable thickness by electro-deposi- 
tion, the process used having been in 
operation at the Newark Works since 1894. 
The raw material used was formerly ob- 
tained from the Orford Copper Company, 
.and contained 95 to 96 per cent. nickel, 
with the impurities already enumerated 
and ‘50 ozs. platinum per ton. 

As stated above, the Canadian Copper 
Company, who work the Sudbury mines, 
are now smelting and refining the ore 
themselves at Cleveland, Ohio. The 
crude nickel is cast into anode plates, 
about 20 ins. x 30 ins., by the Balbach 
Company, and is suspended in a solution 
of nickel sulphate, which is believed to 
be kept either neutral or slightly alkaline 
with ammonia. Plates of rolled nickel 
are used as cathodes, and, under suit- 
able conditions as regards temperature 
and current density, plates of nickel 
20 ins. x 30 ins. x 3 in. thick are obtained. 
The deposited nickel tests as follows: 
99 to 996 per cent. nickel, ‘12 to “14 
per cent. cobalt, ‘10 to ‘20 per cent. 
copper, ‘10 to ‘40 per cent. iron, ‘o3 per 
cent. arsenic, with traces of manganese, 
sulphur, silicon, and platinum.* Using 
this process, the Balbach Company have 
produced in the past three tons of nickel 
per day at Newark, and the metal obtained 
is stated to have been satisfactory as 
regards toughness and tensile strength. 

The same process is also stated to have 
been in use at the Nickel Extraction 
Works of Gustav Menne & Co. at Siegen, 
in Germany, where nickel has been electro- 
lytically refined since the year 1896. 

(4) Hoepfner Process.—This process, of 
which only scanty details are available for 
publication, has attained considerable 
success, and works for its operation have 
been planned or erected at several places 


* Ulke. Engineering Magazine, U.S.A. _Dec., 1898. 
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in Europe and America. In Germany the 
works are at Papenburg, where the exist- 
ing Nickel Extraction Works of Vorster 
Schuman & Co. have been taken over 
by a new company, the “Allgemeine 
Elektro-Metallurgische Gesellschaft,” and 
have been enlarged at a cost of £50,000. 
Cheap fuel exists in the neighbourhood, 
this being of importance in connection 
with the generation of the necessary elec- 
trical energy. The ore used is from New 
Caledonia, and it is subjected to roasting 
and other preliminary operations before 
submitting to the electrolytic treatment 
devised by Dr. Hoepfner. The Hoepfner 
British patents relating to nickel are 
Nos. ° 4626, 1888; 2203, 1891; 13336, 
1893 ; and 11307, 1894. In the absence 
of direct information as to which of the 
various processes described in these 
patents is being used, it is impossible to 
give any details of the process, but the 
writer believes that chloride solutions of 
nickel are used as the electrolyte in place 
of the sulphate, and that the ore zs ached 
outside the depositing vats. 

The Papenburg Works commenced to 
turn out electrolytic nickel in 1900. They 
are stated to be producing 1} tons refined 
nickel per day, and in October of last year 
Dr. Hoepfner informed the writer that they 
were working successfully. 
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The erection of a similar works had 
been planned for Hamilton, Ontario, and 
the Hoepfner Refining Co., with a nominal 
capital of 6,000,000 dols., was floated in 
order to carry out this scheme. Financial 
difficulties, however, hindered the realisa- 
tion of the project, and the Nickel 
Extraction Works at Hamilton is using 
the Frasch process (see below) in place 
of that originally intended. 

A third works for operation of .the 
Hoepfner extraction process was in course 
of erection in Austria in 1900, and, if no 
unforeseen difficulties have arisen, this 
plant should now be at work. 

It is only fitting that this brief notice of 
the Hoepfner process should close with a 
reference to the death of the inventor 
while on a business visit to the States in 
December of last year. The practical 
value of Dr. Hoepfner’s processes for the 
extraction of nickel and copper from their 
ores by electrolytic methods may yet be 
considered doubtful, but the loss to 


technical science by his early death is 
unquestioned. 


(c) The Frasch Process —The Frasch 
process for treating copper-nickel ores and 
residues is the latest that has been worked 
out, and is protected by U.S.A. Patent 
No. 669442, of March sth; t901. The 
following description is based upon the 
information contained in a recent issue of 
the paper named below.* The principle 
of Frasch’s method is the use of sodium 
chloride as electrolyte, and of the dis- 
integrated ore, or metal residues, as anode 
material. When an electric current is 
passed through such a cell, using copper 
or carbon cathodes, the nickel and copper 
dissolve as chlorides at the anode, while a 
solution of sodium hydrate is formed at 
the cathode. By use of a diaphragm, 
these anode and cathode solutions are 
kept apart, and the primary result of the 
electrolysis is therefore the production of 
a solution of cupric and nickel chloride in 
one compartment of the cell, and of 
sodium hydrate in the other. The latter 
solution is boiled down for the recovery 
of caustic soda, while the metallic salt 
solution is electrolysed in a series of 





* Engineering and Mining Journal, April 6th, 1901. 
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separate’ depositing cells, each having an 
anode of disintegrated matter or ore, and 
a cathode of copper. By regulating the 
e.m.f. used, it is claimed that the copper 
can be removed from the solution before 
any of the nickel is deposited, and in this 
way a complete separation of the copper 
and nickel is said to be obtained. The 
iron is removed from the solution by 
chemical means before deposition of the 
nickel. 

The Nickel-Copper Co., of Ontario, 
with a nominal capital of 10,000,000 dols., 
control the Frasch patents, and a plant is 
now in course of erection at Hamilton, 
Ontario, for practical trial of this new 
process. It is yet too soon to speak of 
the method as a practical success; but the 
trials upon an. industrial scale will be 
followed with interest by all electro- 
metallurgists. All attempts in the past to 
work processes in which ore or matte has 
been used as anode material have failed, 
owing to the accumulation of impurities 
in the electrolyte, and to the consequent 
difficulty of keeping this in the state 
demanded for the production of good 
electrolytic deposits of nickel or copper. 
The presence of even small amounts of 
impurity has sometimes the most disastrous 
effects upon the physical characteristics of 
the metal deposited at the cathode, and it 
is to be feared that the Frasch process will 
prove a failure owing to the existence of 
this difficulty. 

The other drawback to the process is 
the use of diaphragms for the preliminary 
electrolysis of the sodium chloride solution. 
The somewhat similar Siemens and Halske 
process, for extracting copper from its ores 
by electrolysis, received extended trials 
upon an industrial scale at Stolberg, in 
Germany, about 1888, but the cost of 
maintaining the diaphragms in an efficient 
state was too great, and the experiments 
came to an untimely end. 

If the inventor of the Frasch process 
overcomes these two difficulties, he will 
certainly have opened the door to an im- 
portant advance in electro-metallurgy, but 
at present it would be premature to assert 
that he has even realised the existence of 
the difficulties with which the successful 
operation of his process is confronted. 
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(d) The Canadian Copper Company’s 
Process.— This company, as stated on 
p- 52, has recently built a smelting and 
refining works at Cleveland, Ohio, and, 
according to Thompson, they are working 
a very promising electrolytic process at the 
new works. No details of the process 
have, however, been published, and the 
writer is therefore unable to give any 
reliable information concerning it. It is 
not impossible, however, that it may be 
a modification of the process suggested by 
Ulke in the article named below,* in 
which a bessemerised matte is used as 
anode material, and dilute sulphuric acid 
as the electrolyte. 

(e) Miscellaneous Electrolytic Processes. 
—According to Borchers, the chemists of 
the German Electrical Engineering Co., 
formerly Schuckert & Cie, of Nuremberg, 
* Engineering and Mining Fournal. Jan. 30th, 1897. 


worked out the details of a process for 
obtaining thick plates of nickel by electro- 
lysis of its solutions, and, in 1897, were 
producing such plates with an expenditure 
of electrical energy = 3°7 to 4’o kilo-watt 
hrs. per kg. of nickel. The writer has, 
however, not been able to obtain any 
further information concerning the pro- 
cess, and it is not, he believes, in practical 
operation at any works in Europe or 
America at the present moment. 

Nikolajev, at the Nijni Novgorod Metal 
Refining Works, and Messrs. T. Bolton 
& Sons, at Oakamoor in Staffordshire, 
are also known to have produced refined 
nickel by electrolysis in recent years, but 
no details of the processes tised are avail- 
able for publication, and the writer is 
unable to state whether refined nickel is 
still produced at these two metal works 
by electrolysis. 


adh. Roki D— 
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Glasgow International Exhibition. 


By OUR SPECIAL COMMISSIONER. 


& ® © 


IL—LOCOMOTIVES, PUMPS, AND MISCELLANEOUS MACHINERY. 


PROMENADE along the galleries of 
A the Machinery Hall affords a liberal 

education in applied science for the 

“man in the street” ; but, of course, 
it is on the floor and among the exhibits 
themselves that the mechanician finds his 
happy hunting-ground. Volumes might 
be written of all the examples of human 
ingenuity and industrial skill here dis- 
played, but the purpose of the present 
article is merely to describe some of the 
more striking exhibits which do not come 
under the several categories to be dealt 
with by specialists in due time. The 
difficulty in dealing with a collection 
so extensive and so miscellaneous is in 
knowing where to begin and when to 
leave off. 

As one emerges by the cantilever bridge 
from the Grand Avenue into the Ma- 
chinery Hall, one of the first things to 
attract the eye is the magnificent show of 
locomotives, with framework and _brass- 
work gleaming like crystal. The exhibits 
in this class are not so numerous as one 
might have expected to find in Glasgow, 
where locomotive building is a special 
and an extensive industry, but the speci- 
mens displayed leave nothing to be 
desired in point of mechanical interest 
and splendid workmanship. 

The exhibit of Messrs. Dubs & Co., of 
Glasgow Locomotive Works, comprises 
one express passenger locomotive engine 
and tender, built for the London and 
South-Western Railway, having inside 
cylinders 184 ins. by 26 ins., four wheels 
coupled 6 ft. 7 ins. diameter, and four- 
wheeled bogie with wheels of 3 ft. 7 ins. 
diameter, weighing, in working order, 
50 tons 8 cwts. The six-wheeled tender 
carries 3,500 gals. of water, and weighs 
40 tons 14 cwts. .This locomotive will 
haul trains of 250 to 350 tons at a fuel 


consumption of 26°5 lbs. to 30 lbs. per 
mile. The special feature of Messrs. 
Dubs’ engine is the arrangement of cross 
water-tubes in firebox, patented by Mr. 
D. Drummond, the locomotive engineer 
of the line. This invention is designed to 
surmount the difficulty, which is constantly 
being experienced, of maintaining a full 
head of steam with heavy express trains, 
and consists of an arrangement of cross 
water-tubes in the firebox, the introduction 
of which more than doubles the heating 
surface. The London and South-Western 
Railway Company have quite a number of 
engines of this type at work, from which 
remarkable results have been obtained. 
They make steam so freely by means of 
these tubes that no difficulty is experi- 
enced in keeping a full head of steam in 
the boiler when the engines are working 
the very heaviest express trains. The 
tubes are arranged in two nests extending 
across the inner fire-box, and to promote 
the circulation of water the one nest is 
inclined in an opposite direction to the 
other, the inclination being at the rate of 
1 in 11. The nests consist respectively 
of 36 and 25 solid-drawn steel tubes, 
2} ins. outside diameter and 4 in. thick, 
expanded into and beaded on the fire- 
box side plates. Doors are provided at 
both ends of each nest to give easy access 
to the tubes for inspection or renewal. 
Stays, secured to the inspection doors by 
the screwed thimbles and running right 
through the tubes, support the sides of 
the shell. The heating surface of the fire- 
box (normal) is 148 sq. ft., and that of the 
water-tubes 165 sq. ft. The introduction, 
therefore, of these tubes more than doubies 
the heating surface at its most efficient 
part—viz. the firebox. The increased 
circulation of the water where the heat 
is most intense promotes evaporation, 
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while it prevents for- 
mation of scale. The 
advantages claimed 
are, increased evapora- 
tive power and economy 
of fuel consumption. 
The arrangement also 
acts as an efficient spark 
arrester. A case ex- 
hibited with the engine 
contains the whole 
amount of ash collected 
from the smoke- box 
after the engine had run 
821 miles, while with 
other engines of the 
same type, but without 
the cross tubes, the 
smoke-box has to be 
cleaned out after every 
trip. The saving in 
consumption of fuel 
per mile, as compared 
with engines of the 
same class not fitted 
with water-tubes, aver- 
ages 5 lbs. 

Messrs. Sharp, Stewart 
& Co., Ltd., of the Atlas 
Locomotive Works, 
Springburn, Glasgow, 
exhibit a very hand- 
some express locomotive 
and tender, built for the 
South-Eastern and Chat- 
ham Railways. This en- 
gine is one of a new and 
powerful type, designed 
by Mr. Harry S. Wain- 
wright, locomotive 
superintendent of the 
railway, of which a 
number have already 
been delivered, for deal- 
ing with the heavy Con- 
tinental mail and other 
fast traffic of the joint 
lines. These engines 
are maintaining high 
speed and keeping good 
time over the heavy 
gradients on these lines. 
It is a  four-coupled 
engine with leading 


FOUR-WHEEL COUPLED EXPRESS PASSENGER ENGINE,L. AND S. W. R., DESIGNED BY MR. D, DRUMMOND AND BUILT BY MESSRS, DUBS AND co. GLASGOW, 
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bogie, and is seen to be of ample propor- 
tions, weighing 50 tons in working ‘order. 
The large boiler and firebox are high 
pitched from the rail, and a glance at the 
dimensions shows the heating surface and 
grate area to be above the average. The 
cylinders which are inside the frames are 
as large as 19 ins. diameter, with their 
slide-valves between them, and the driving- 
wheels are 6 ft. 8 ins. diameter. The 
working steam pressure is 180 lbs. per 
square inch., and the tractive effort at 
80 per cent. is 7°54 tons, Steam re- 


_ versing is used, very neatly arranged, 


and is, we understand, much appre- 
ciated by the men, who prefer it to the 
cumbersome lever or screw. Steadiness 
and ease in passing round curves is 
secured by the use of a bogie of the 
Adams type. The smoke-box is of good 
capacity, and contains screens for spark 
arresting. Both engine and tender are 
fitted with the automatic vacuum brake. 
Large sand-boxes with steam gear are 
arranged in front of the driving-wheels, 
and in order to give easy access to 
the motion are placed below the plat- 
form. .All the fittings are of the latest 
pattern ; and include asbestos-packed 
automatic water-gauges with glass protec- 
tors, and sight-feed and furnace lubri- 
cators. Every comfort is afforded to 
the men in the way of a roomy cab, 
seats and ventilation, and a folding door 
shuts in the footplate from draught and 
rain. 

The boiler and firebox are protected 
with asbestos cement, and neatly covered 
with Cleading plates and bands. A six- 
wheeled tender is coupled to the engine, 
carrying 3,300 gals. of water, and 4} tons 
of coal. Flexibility between the engine 
and tender is given by a large central 
spring, suitably carried, effectually pre- 
venting any loose, jerky motion ; and, at 
the same time, reduces excessive friction 
between the tyre flange and rails, as well 
as prolonging the life of the hose pipe 
connections between engine and tender 
for water and brakes. The tender is 
equipped with mechanical sanding gear, 
tool-boxes, and lamp-lockers, arranged 
within handy reach of the driver. The 
following are the— 
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PRINCIPAL DIMENSIONS OF 


‘ ENGINE. 


Diameter of cylinders 
Length of stroke 
Diameter of four- 
coupled wheels ... 
Diameter of bogie 
wheels_ ... 
Outside diameter of 
barrel boilers 
Length of _ barrel 
boilers i ad 
Outside length of 
firebox casing... 
Outside width of 
firebox casing... 
Copper firebox at 
bottom, inside ... 
Copper firebox at 
bottom, inside 
Depth of copper fire- 
box, inside 
Tubes, cambered up- 
wards, 18 ins. 
Outside diameter 
Centre of boiler from 
rail 
Chimney, from rail... 
Heating surface in 
tubes ie 
Heating surface in 
firebox 


Heating surface, 
total Py 
Grate area ... 
Working steam pres- 
sure : 
Traction force at 
draw bar, 80% 


boiler pressure .. 
Wheelbase, fixed ... 
Total 


1 ft. 
25 


6. 


o ft. rins. 


8 9 O 
13 ” 4 ” 


. 1,381 sq. ft. 


$24. 55 


1,505 5, 


> +s 


180 Ibs. sq. in. 


. 16,894 lbs. 


9 ft. o ins. 


SE SI6-)> 


Weight of engine in working order : 
Bogie ... 17 tons O cwt. 
Driving wheels 16 ,, 17 ,, 
Trailing wheels 16 ,, 3 


Total ... 50 tons o cwt. 


PRINCIPAL DIMENSIONS OF 
TENDER. 


Capacity of tank 
Fuel capacity 
Diameter of wheels 
in No. in es 
Total length of frame 
Wheel base, total . 


- 3,300 gals. 
. 44 tons coal. 


4 ft. o ins. 
S53, Mh 


ar) Se ee 


Weight of tender in working order : 


Front wheels ... 1 


2 tons I cwt. 


Middle wheels... 13 5, 9 55 
Hind wheels ...14 ,, 4 35 


FOUR-WHEEL COUPLED BOGIE EXPRESS LOCOMOTIVE AND TENDER, BUILT FOR THE S. E. AND CHATHAM RAILWAY. 


Total 


. 39 tons 14 cwt. 


DESIGNED BY MR. HARRY S. WAINWRIGHT, 


LTD., OF GLASGOW. 


AND BUILT BY MESSRS. SHARP, STEWART AND CO. 
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Total weight of engine and tender 

in working order... 89 tons 14 cwt. 
Total wheelbase of engine and 

tender a . 44 ft. 103 ins. 
Total distance over ‘butfers, engine 

and tender .. sis + $4 95 208 55 


Messrs. Neilson, Reid & Co., of the 
Hydepark Locomotive Works, Glasgow, 
show one of the standard types of pas- 
senger engines used on the Midland 
Railway, designed by Mr. Samuel Waite 
Johnson, M.Inst.C.E., M.I.Mech.E., the 
locomotive engineer to the line. This 
engine is fitted with piston-valves and 
steam brake on engine and tender, work- 
ing in conjunction with the automatic 
vacuum brake-on the train. The wheels 
are all steel castings, with rolled steel 
tyres. The boiler plates are of mild 
steel, and the fire-box and tubes of copper. 
The fire-box and casing are stayed together 
with flexible stays of Stone’s bronze, 
screwed and riveted over at the ends. 
The principal dimensions of the engine 
and tender are as follows : — 

Diameter of cylinders... ose 5 9 
Length of stroke ,,;. 25, 2 » 
Diameter of driving and’ trailing 

wheels .. 7s, OF», 
Diameter of bogie wheels... 
Heating surface in tubes ... 
Heating surface in firebox 
Heating surface, total 
Area of fire grate ‘ 
Diameter of tender wheels | 
Wheel-base of tender ; ‘Ks 
Total weight of tender loaded... 41 tons 3 cwt. 
Total wheel-base of — and 

tender ... . 44 ft. g}ins. 
Boiler pressure... - .-» 170]bs sq. in. 
Wheel base of engine ose ... 22 ft. Shins. 
Weight on bogie wheels ... ..- 16 tons 5 cwt. 
Weight on driving wheels ore ia. bees 
Weight on trailing wheels sos A: gy BY 
Total weight of engine in as 

order .. -47 » 6,, 
The capacity ‘of the tender tank is 3,500 gals. 
Fuel space ... he ... 217 cub. ft. 
Length over buffers 4 53 ft. 10 ins. 
Total weight of engine and tender 

in working order__.... . 88 tons 9 cwt. 


This engine is shown in motion, the 
power being compressed air, supplied by 
the Ingersoll-Sergeant DrillCompany. In 
the same stand is a model, one-sixth of 
full size, of a “ Fairlie” engine, a type of 
which Messrs. Neilson, Reid & Co. have 
built a number for the Mexican Railway 
Company, Ltd., to the designs of Sir 
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Alex. M. Rendel, London. The advan- 
tages olaimed for the “Fairlie” engine are, 
that being entirely carried on two bogies, 
it will pass round curves with ease, and, 
all the wheels being driving-wheels, the 
total weight is available for adhesion. 
The full-sized engine weighs, in working 
order, over 98 tons, and can haul a train 
of 300 tons up a grade of 1 in 25. The 
following are its dimensions :— 

Diameter of cylinders... ice th. a mt, 
Length of stroke ... re ie fo ae 
Diameter of wheels ee ce ae ae 
Wheel base of each bogie... rg ie 
Centres of bogie pivots... et a2 

Total wheel base ... som ove ee Ue 
Heating surface in tubes ... 1,532 sq. ft. 
Heating surface in fire-box ster ee tae 
Heating surface, total row ‘aa: 258 

Area of fire-grate ... oe aie a 
Boiler pressure... ES ... 165 lbs, sq. in. 
Capacity of tanks ... bes ... 2,850 galls. 
Capacity of bunker ica .+» 300 cub. ft. 

Near the locomotives one finds a novel 
truck, which is the exhibit of Messrs. 
R. Y. Pickering & Co., Ltd., of Wishaw, 
near Glasgow. It is a 25-ton all steel 
bogie coal wagon, built to suit the 
requirements of Messrs. Thos. Muir, Son 
& Patton, Ltd., Coal Merchants, Dundee, 
and is intended for the carriage of small 
coal between Hamiltonand Dundee. All 
the material is in accordance with Board 
of Trade tests. The length is 27 ft. over 
body, the depth 4 ft. 2} ins., and the 
width 7 ft. 54 ins. At present there are 
no arrangements at the terminal depét for 
emptying except by shovelling out, but 
provision has been made in the general 
design so that bottom doors can be 
easily affixed, as soon as the depot sidings 
admit of them being used. The wheels 
are solid wrought-iron, made under 
hydraulic pressure, with Siemens steel 
tyres and axles. The bogies are of the 
“ Diamond ” frame type, of mild Siemens 
steel. The tare is 10 tons 10 cwt. 
The distance between the wheels seems 
long for general service on a line with 
many curves, but the truck marks an 
important step in the inevitable reform of 
our railway haulage system. 

If one were asked to say what class of 
machinery is most largely represented 
among the miscellaneous exhibits, one 
would be inclined to say pumping engines. 
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DESIGNED BY MR. S. WAITE JOHNSON, M.INST.C.E., M.I.MECH.E., BUILT BY MESSRS. NEILSON, REID AND Cco., GLASGOW 


PASSENGER ENGINE USED ON THE MIDLAND RAILWAY. 








PAIR OF WEIR MARINE FEED PUMPS, WITH FLOAT TANK AND 


AUTOMATIC CONTROL GEAR, 


Not only are the stands at which such 
apparatus may be found very numerous, 
but quite a number of them are remark- 
ably striking. Necessarily, in so large a 
collection, many novelties and improve- 
ments reveal themselves to the experienced 
eye, and we cannot profess to deal with 
them all in the space at command. All 
the best makers are represented: by speci- 
mens of their best work. The most strik- 
ing of all the displays in this class, perhaps, 
is that of Messrs. G. & J. Weir, Ltd., 
Cathcart, Glasgow—a firm renowned, not 
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only for the excellence of their manufac- 
tures, but also for the perfection of their 
workshop methods, and for the success 
with which they have coped with the 
labour difficulty in the institution of a 
premium system among their workers. 
This Stand is at the opposite end of the 
hall from the Grand Avenue entrance, 
and at once attracts even the incurious 
idler by its picturesque appearance and 
situation. 

The exhibit of Messrs. Weir is certainly 
one of the finest of the kind we have ever 
seen of this class of manufactures. It is 
arranged above the main floor, and on the 
same level as the galleries, and in such a 
manner as to have on the side facing the 
main Halla single cascade of falling water, 
40 ft. wide. A concrete tank fronts the 
full width of the exhibit, and two “‘ Weir” 
standard service pumps draw the water 
from it, and discharge it into a lead-lined 
tank 8 ft. above the main tank water-level. 
From the lined tank the water falls over a 
sharp edge into the main tank, and this, 
illuminatéd with coloured electric lights, 
forms at night quite a show part of the 
Machinery Hall. The stand is laid out 
and arranged in three classes—working 

exhibit, non-working exhibit, and a 
representative set of “ Weir” pumps 
for a modern first-class battleship. 
The working exhibit comprises a 
standard pair of marine feed pumps, 
8 ins. diameter by 24 ins. stroke ; 
a standard tandem compound 
feed pump for electric light station 
duty, 6 ins. diameter by 15 ins. 
stroke ; two standard differential 
type pumps; a standard single 
land pump, 5% ins. diameter by 
15 ins. stroke ; and a British Admiralty 
type distilling condenser, with circulating 
fresh-water and air pumps. All these 
pumps are working, and are fitted with 
indicators and with all the necessary gear 
for showing the steam consumption. 
The non-working exhibit comprises: a 
standard pair of marine feed pumps, With 
float tank and automatic control gear, 
6 ins. diameter by 21 ins. stroke; a 
“Weir” patent direct contact feed heater 
for 4,000 i.h.p. ; different sizes of standard 
feed pumps of the land type; different 








“WEIR” DIFFERENTIAL FEED PUMP FOR SMALL 
BOILER INSTALLATIONS. 


sizes of standard differential pumps; a 
main feed pump for 30-knot torpedo-boat 
destroyer; a complete set of distilling 
machinery for 30-knot torpedo - boat 
destroyer ; a standard 30-ton merchant 
service evaporator ; and a standard 5-ton 
merchant service evaporator. 

Not the least interesting part of this 
exhibit is the gear made by the firm for a 
foreign first-class triple-screw battleship, 
of 15,000 ih.p., fitted with water-tube 
boilers. The largest pump of this equip- 
ment is a “ Weir” independent air-pump 
for 5,500 i.h.p., 31 ins. diameter by 14 ins. 
stroke, three of which are fitted in the 
vessel, one in each engine-room, and there 
are two direct-acting feed pumps, one 
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small and one large, two of each size of 
which are fitted. 

We have been especially interested in 
the “Weir” differential pump, a type of 
which has been produced to .meet the 
demands for a high-class pump for small 
and moderate-sized boiler plants and 
general duties. The -steam cylinder, 
steam valve, and gear are practically of the 
‘‘Weir” standard type, but the water end 
is single-acting on the suction side and 
double-acting on the discharge side, by 


fe 
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“WEIR” HIGH-PRESSURE FEED PUMP, ADMIRALTY TYPE. 
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which means a continuous stream is dis- 
charged, as in a double-acting pump. It 
is designed for rapid and easy overhaul, 
and the pump barrel can be lifted right 
up along the plunger, exposing the bucket 
and suction valves for examination. The 
entire barrel of the pump is made of gun- 
metal, also the plunger bucket, etc. It 
has few working parts to get out of order ; 
it is well and strongly made ; and it takes 
up little room. In the merchant service 
it is used for drain tank, boiler feeding, 
fresh-water service, and other duties. 
Here, too, are independent air pumps 


“WEIR” VEKTICAL EVAPORATOR. ADMIRALTY TYPE. 
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of the “ Weir” type, designed to meet the 
tendency in vessels of large horse power, 
both mercantile and naval, to relieve the 
main engines from all duty except that of 
propelling the vessel, and to employ 
separate engines for all auxiliary duties. 
Among the advantages of having air pumps 
independent of the main engines is that 
they enable a vacuum to be produced 
before the main engines start, and also at 
any time when the main engines are stopped, 
thus facilitating manceuvring at entering 
or leaving port. ‘Thus the engine-room is 
relieved from a considerable amount of 
complication, as the auxiliary condenser, 
circulating pump, and auxiliary air pump, 
together with their piping, can be dis- 
pensed with. Further, the independent 
air pumps accommodate themselves to 
sudden quantities of water more easily 
than do the main engine pumps, in which 
serious strains are apt to be set up by 
sudden inrushes of water. In the “ Weir” 
twin air pumps for 8,000 i.h.p., the 
steam valve and gear is a modification of 
the standard “ Weir” gear, and can be 


arranged either for simple or compound 


working. For mercantile work these 
pumps are made with cast-iron bases and 
valve-boxes, but for naval work they are 
made entirely of gun-metal. They work 
with a small amount of 
steam consumption and 
high efficiency. 

Another speciality in 
connection with boiler 
efficiency made by Messrs. 
Weir is the “Weir” 
Evaporator, which was the 
first attempt to provide 
the merchant marine with 
an apparatus for the pro- 
duction of fresh feed- 
water from sea water, to 
make up the losses of 
feed-water due to leakage, 
safety valves, etc. This 
apparatus is now intro- 
duced in an improved 
form in the vertical type 
evaporator. The heating 
surface consists of a series 
of coils, expanded metal 
to metal into a couple of 
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“WEIR” INDEPENDENT AIR PUMPS FOR MARINE SERVICE. 


stand-pipes, one holding the inlet end. of 
the serpentine, and the other the outlet. 
This stack of coils is held by a strong 
frame hinged to the bottom of the ap- 
paratus, forming a very rigid and well- 


balanced arrangement. The door of the 
generating chamber is made to swing 
back, and the tubes can then be folded out 
for cleaning after simply unscrewing the 
bolts in the steam and drain connections. 


The Pulsometer Engineering Co., Ltd., 
of London, have also a big Stand, with a 
large and striking display of a great range 
of exhibits. There is, for instance, an 
almost complete series of Pulsometer 
steam pumps, ranging in size from a 
No. 1, only 18 ins. high, with a capacity 
of goo gals. per hour, up to a No. 10, 
standing nearly ro ft. high, with a capacity 
of 52,000 gals. per hour. The claims of 
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this _pump are—“ No rods, no pistons, 
no glands, no leather,” and that the valves 
can be readily and cheaply renewed. 
The Stand contains a single - barrelled 
Pulsometer, or “Criton” pump, which 
is designed for situations where a cheaper 
form of apparatus than the Pulsometer 
is desired; section of well with Pulso- 
meter slung in it, giving an idea of how 
these pumps can be slung; a varied col- 
lection of centrifugal pumps; a ““Grel” 
patent cut-off attachment, which enables 
the Pulsometers to use steam expansively, 
giving the same results as the use of an 
expansion slide on the back of the main 
slide of an ordinary engine ; a “ Torrent” 
filter for purifying river or other water for 
manufacturing or boiler-feeding purposes ; 
a “Deane” sinking pump of the vertical 
pattern for slinging in a well; and “Carly ” 
fly-wheel pumps of the “donkey ” type in 
various sizes. 

The construction of the “Torrent” 
filter is ingenious. The filtering vessel or 


body is composed of wrought or cast iron, 
and contains a layer of suitable filtering 


material on a grating, under which is a 
distributing apparatus for air. The dirty 
water enters at the top of the filter, and, 
passing through the filtering material, 
emerges at the bottom bright and clean. 
The cleaning of the filter, which occupies 
a few minutes every ten hours or so 
(according to the state of the dirty water), 
is effected by admitting at the same time 
a reverse current of water and a large 
quantity of high-pressure air obtained 
from the steam blower supplied with the 
filter. The whole of the filtering material 
and impurities boil up, a violent agitation 
takes place, and the particles of dirt are 
washed away and the filtering material is 
left clean.. Through the mud outlets 
pours a stream containing all the matter 
deposited in the filter, and without any 
removal of the filtering medium. 

At the highly-interesting and well- 
arranged Stand of Messrs. Duncan Stewart 
& Co. Ltd. London Road Works, 
Glasgow (a firm of old renown for sugar 
plant, electric traction engines, and 
hydraulic machinery), we note a coal- 
burning internal combustion engine 
(MacCallum’s Patents), the property of 
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the New Engine Syndicate, Limited. 
This engine uses ordinary coal, in a pul- 
verised state, as fuel, and it is the only 
motor of the internal combustion type 
which can successfully deal with common 
coal. The example shown is a vertical 
engine with a trunk piston enclosed in a 
cylinder, the upper part of which is termed 
the expansion cylinder, and the lower 
portion the working cylinder. No water- 
jacket is employed on the main cylinder, 
but the working surfaces are protected 
and cooled by another method of interior 
water circulation. Alongside the expan- 
sion cylinder, and communicating there- 
with by means of a port, is placed the 
combustion chamber. The fuel is forced 
into the combustion chamber at the re- 
quired intervals by a timed jet of com- 
pressed air working in conjunction with a 
rotary charge plate and automatic non- 
return valve. The crank chamber of the 
engine is enclosed, and the main piston 
also acts as a pump for passing air into 
the combustion chamber. Under normal 
conditions the engine gives a working 
impulse for every revolution, the working 
cycle being as follows: The up-stroke of 
piston compresses a charge of air into the 
combustion chamber, another charge of 
air being at the same time drawn into the 
crank chamber. When the piston reaches 
the top of the stroke a charge of fuel is 
injected into the compressed air in the 
combustion chamber, combustion takes 
place, causing rise of pressure, and a work- 
ing down-stroke is made. The piston 
having terminated its down-stroke, the 
exhaust valve opens and allows the 
waste products to escape, a fresh charge 
of air at the same time passing from the 
crank chamber to the expansion cylinder. 
This is again compressed by the up-stroke 
of the piston into the combustion chamber, 
in readiness for another fuel injection, and 
so on. Unlike an ordinary gas engine, 
there is a gradual increase of pressure, 
giving a more even turning moment and 
obviating shock. 

There is also at this Stand an air com- 
pressor which delivers air at a pressure of 
100 lbs. per square inch, to suit the 
requirements of modern pneumatic tools. 
The capacity of the machine is 400 cub. ft. 





Glasgow International Exhibition. 


of free air per minute. The compressing 
is done in two stages, and the machine is 
of the compound type. The form of air 
cylinder is compact, the water jackets and 
air passages being contained within the 
main barrel castings. The valve seats are 
in the top and bottom covers of the air 
cylinders, and clearance is reduced to a 
minimum. The valves are of a special 
metal to ensure ample strength without 
excessive weight, and are all easily 
accessible and renewable. In addition to 
the regulating stoppers on all the valves 
an emergency stopper is provided, which 
renders it impossible for any broken valve 
parts to get into the small clearance spaces. 
The driving engine is of the vertical 
inverted compound type, having two 
cylinders each below its respective air 
cylinder, and provided with Meyer cut-off 
valves to allow of a wide range of adjust- 
ment to suit the available steam pressure. 
Any steam pressure up to 150 lbs. may 
be used, and the engine may be worked 
in connection with a condensing plant, 
thus taking advantage of all the modern 
appliances for economising steam and fuel. 
For the vertical type of compressor it is 
claimed that the floor space occupied is 
small, and the tendency to wear oval in 
the cylinder is avoided. 

We also note here an arrangement of 
Weston type centrifugals, each having a 
separate electric motor on its own shaft. 
The motors are so arranged that the field 
magnets can revolve backwards through 
a fraction of a turn at starting, thus 
relieving strains or shocks which would 
otherwise occur. This applies more par- 
ticularly when starting the machine under 
load. The motors can exert a large 
initial torque, enabling the requisite speed 
to be obtained quickly ;. they are perfectly 
under control while running, and, by the 
movement of one handle, can be used ‘as 
a brake to stop the machine quickly when 
desired. The lower part of the framing 
is designed to accommodate a sugar con- 
veyor, and when required the conveyor 
may be removed from under the machine, 
laterally, for cleaning or repairs. There 
is also one of “ Stewart’s ” carbonic anhyd- 
ride refrigerators, driven by electric motor 
and gearing but capable of being worked 
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by any available power—water, gas, oil, 


‘or steam. Also Headech’s “ Heavy Oil” 


motor, which is specially designed for the 
propulsion of waggons, lorries, and similar 
vehicles used in the transportation of 
heavy merchandise, and is intended to 
replace horse and steam power for this 
purpose. The source of power in this 
engine is common paraffin oil, which is 
injected automatically, according to the 
requirements of the engine, into a vaporiser 
or heater. The vaporiser is a part of the 
cylinder of the engine. ‘The resultant gas 
is drawn from this vaporiser at each power 
stroke of the piston in the same way as 
gas is taken by an ordinary gas engine. 

Messrs. Lancaster & Tonge, Ltd., Lan- 
caster Works, Manchester, have a liberal 
display of their various specialities, notably 
the Lancaster steam traps, suitable for 
working at all pressures from 2 to 300 lbs. 
per square inch, and for every class of 
work in which it is necessary to drain water 
away from steam, etc. Here are shown 
five sizes of the Lancaster steam traps, 
ranging from } in. to 2 ins. inlet, and suit 
able for pressures of from 5 to 300 lbs. 
per square inch; five types of Lancaster 
pistons ; also piston rings and springs, 
ranging from 112 ins., as supplied to the 
ss. Prince of Wales and Queen Victoria, 
down to 1} in. diameter, as fitted to small 
piston valves. Also on view are the 
Lancaster metallic packings, suitable for 
rods } in. to 114 ins. diameter, and for all 
speeds and pressures at present in use ; 
and Lancaster steam separators .and 
dryers from 1 in, to 6 ins. bore. A small 
engine is shown at work, having each of 
these specialities fitted to it, so that they 
may be examined and tested under work - 
ing-conditions. 

The Lancaster steam trap has under- 
gone recently several improvements in its 
construction and action. Its speciality 
consists in the loose disc valve at the 
orifice of the discharge pipe in connection 
with a quick - threaded screw motion 
worked by the float. This valve is fric- 
tionless in action, and, being loose, cannot 
stick to its seat. It is very prompt in its 
movements for opening and closing the 
discharge pipe, and the working parts are 
very simple and easily examined. It also 
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acts as a safety-valve, as any excessive 
pressure exerted against: the face of the 
loose disc valve would, by virtue of the 
quickness of the screw thread, force it 
open. . 

Specimens of their different qualities of 
carbon brushes, switch contacts, and 
trolley bushes are shown by Le Carbone, 
of 36, Lime Street, London. The several 
grades of carbon and the diversity of 
shapes illustrate the great attention which 
has been paid by engineers during the 
past few years to the subject of brush gear ; 
and the various qualities of carbon dis- _ 
played have been created in their turn to 
meet the different conditions of running 
which have from time to time been required 
by constructing engineers. Prominent 
among these is the Company’s electro- 
graphitic carbon, produced by being 
passed through Girard & Street’s electric 
furnace. Carbons so treated acquire the 
properties of homogeneity, cohesion, and 

WEATHERPROOF SHIP'S VENTILATOR. high conductivity ; and on many machines 
ee ee such carbon can be substituted for copper, 
the current density per square inch of con- 
tact surface permissible with these brushes 
being 100 to 120 ampéres, and in some 
cases these figures can be greatly exceeded. 
Other qualities of carbon shown are suit- 
able for current densities of 42 to 50 
ampéres per square inch; and for certain 
types of tramiway motors the Company 
exhibit a special quality which has the 
merits of efficiency and cheapness. 

In a neighbouring Stand, Messrs. 
Wallach Bros., Glasgow and London, show 
the various safety appliances they have 
devised for the prevention of accidents in 
industrial occupations, such as respirators, 
of aluminium, remarkable for their light- 
ness ; eye, face and body shields, fluto- 
meters, etc. Perhaps the most conspicuous 
exhibit is the “ Evertrusty” universal 
drilling machine, which this firm has just 
placed on the market, to answer all the 
requirements of: a simple, inexpensive, 
and handy tool, for drilling holes up to 
14 in. diam. It weighs only about 63 
Ibs. (though the larger sizes are somewhat 
heavier) and can be applied in more than 
sixty different positions. Friction is 

WEATHERPROOF SHIP'S EXTRACTOR. minimised by the use of balls in the 
MESSRS. JOHN GIBBS AND SON. thrust bearing. There is a rachet attach- 


i 
i 
i 


en ee 


SSS 





Glasgow International Exhibition. 


ment, which allows of the drill being 
worked with a_ reciprocating motion. 
Steam, heat, acid and water proof belting 
is exhibited, which stands heat up to 
230 deg. Fahr., steam up to 200 deg. 
Fahr., and acids. The breaking strength 
of this belting is said to be 20 per cent. 
greater than that of the best camel’s-hair 
belting, and it will stand a strain of 
practically 1 ton per inch of width. 
Messrs. John Gibbs & Son, warming 
and ventilating engineers, Liverpool, 
exhibit their interlocking double-pole 
motor switch, which was described in 
- a recent number of FEILDEN’s MAGAZINE 
also a portable drill on truck, driven by 
one of their patent motors, fitted with 
flexible shaft, and capable of drilling 
holes up to 1 in. diam. Their system of 


ventilation. for vessels carrying fresh fruit 
and other perishable cargo, is shown in 
specimens of their ship’s weatherproof 
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ventilators, as fitted on board the Zucania 
and Campania. A working. model illus- 
trates the action and weatherproof qualities 
of the patent upcast and downcast venti- 
lators ; and an electric fan 18 in. diam., 
driven by one of their patent enclosed 
motors fitted with conical discharge pipe, 
illustrates the effect of discharging against 
pressure by means of these fans. One of - 
these patent ventilating fans, we learn, 
36 in. diam., and direct electrically 
driven, will remove 14,000 ft. of air per 
minute with an expenditure of 4 amps. at 
230 volts. One of these fans, but of 
48 in. diam., is now in effective operation 
at the Corporation Laundries in Liverpool. 
One of the ventilating fans is shown 
fitted by the firm’s water-tight motor, 
enclosed in an absolutely steam-tight 
case, such as we described on a former 
occasion. 
B. T. 





“ Every part and side of our life, from the cradle to the grave, has been touched and tended by the inventor 
and manufacturer. His works are as numberless as the sands of the sea, but the onward rush of Science and 
the Arts opens up new fields of discovery and enterprise as each day dawns. Let us choose here and there 
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THE ISLE OF THANET ELECTRIC 
LIGHT RAILWAYS. 
ee 


HE very interesting and, as far as Great 
Britain is concerned, entirely novel 


traction enterprise described in these 
pages owes its existence to the somewhat 
unexpected elasticity of the Light Railway 
Act of 1896. The novelty of the enterprise 
consists inthe fact that it combines lighting 
power distribution plants with the 


and 
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traction system, all these being fed from the 
same central station, and that as regards 
the traction service all varieties of speed, from 
that of a slow trot, characteristic of some of 
our metropolitan tram-lines, to that ventured 
upon by the automobilist when in rural 
districts far out of reach of the public 
guardian of the law, are included in its 
programme. Whether it was this unusual 
combination of useful and attractive features 
that induced the Light Railway Commis- 
sioners to accept what in reality is a tramway 
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system pure and simple as a “light railway” 
enterprise “within the meaning of the Act” 
we do not know, nor do we care to inquire, 
being more than satisfied that an undertaking 
has succeeded which would never have seen 
the light of day had its promoters been 
obliged to submit it to the neartsighted and 
niggardly provisions of the Tramways Act of 
1870, and its grossly unfair 21 years’ purchase 
clause. The Light Railway Act, whatever 
its failings may be, has, at all events, in the 
case of the Isle of Thanet enterprise, proved 
to be of considerable advantage, and, let us 
hope, will prove to be so again on many 
future occasions. There is, however, room 
for improvement as regards the time required 
by applicants to get the Act into operation, for 
Mr. M. M. Murphy, of Dublin tramways fame, 
notwithstanding his well-known energy, had 
to wait a year and eight months from the 
date of application to the Commissioners in 
December, 1896, until the final approval of 
the Board of Trade was secured by him in 
August, 1898. Still, considering the satis- 
factory final result, we may pass over this 
fact without further comment, and dwell on 
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more pleasant features. Thus, for instance, 
the right of the local authorities to ultimately 
acquire the new lines is based on fair and 
reasonable conditions. The ownership of 
the system by the Company that built it is 
not, as in the notorious Tramway Act, 
restricted to 21 years, but secured for 42 
years, and, even after that period has elapsed, 
the company is not. obliged to sell unless 
two-thirds of the Councils concerned—z.e., 


. those of Ramsgate, Margate and Broadstairs 


—agree in common to buy by paying “the 
then value” (Cp. Section 43 of the Tramway 
Act) Jlus 25 per cent. of it. The fact that 
these Councils readily consented to these 
liberal terms, instead of hagg]ing, shows that 
the majority of their members were en- 
lightened men who realised that, for the 
benefit of the public, the Company should be 
encouraged to build an up-to-date system, 
and to provide a satisfactory service, by 
letting them know that by serving the public 
they served their own interests. 

It was with this object in view, also, that 
no fees for way-leaves have been exacted 
from the promoters, and many other trifling 
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BOILER-HOUSE, WITH ECONOMISER IN FOREGROUND. 


rights were surrendered. On the other hand, 
the company was pledged to make consider- 
able road improvements, necessitating the 
building of about three miles of new roads 
and the widening of over 14 miles of roads 
already existing, while they were obliged, 
also, to erect a new railway bridge over the 
High Street at Broadstairs—a task by no 
means trifling, as the construction had to be 
carried on without in any respect interfering 
with the regular railway traffic. These and 
other improvements have been executed at 
considerable expenditure, and, with a three 
months’ suspension of work during the 
“season,” enforced by the authorities both 
in 1899 and 1900, have consumed a con- 
siderable portion of the time required to 
complete the system, so far as it has been 
completed since the work was started on 
April 18th, 1899. The line finished has its 
eastern terminus at Garlinge, a short distance 
from Westgate, runs thence to . Margate, 
follows the sea-front to Cliftonville, turns 
thence inland and proceeds, partly along the 
new roads built by the Company, to St. 
Peter’s, where the central power-station is 


situated, and passes from there to Broad- 
stairs, where, close to the site of the station 
of the London, Chatham and Dover Railway, 


one arm of the Ime branches off to the 
sea-front at Ramsgate, along newly-built 
roads, turns immediately beyond Ramsgate 
Harbour sharply to the right, ascends the 
West Cliff, and finally, by Grange Road, 
reaches its present terminus, the South 
Eastern Railway Station at Ramsgate. 
Another arm, branching off at the Chatham, 
Dover Railway Station at Broadstairs, passes 
below the railway track, where the gradient 
of roadway has been lowered and the new 
railway bridge above mentioned has been 
built by the Company, and, after having 
traversed Broadstairs, rejoins the longer 
branch, with which it forms a loop, near East 
Dumpton, Excepting a few sharp gradients, 
as for instance on the shorter arm forming 
the loop at Broadstairs, where there are 
sections rising I in 18, and one other point 
where the rise is 1 in 11 even, though only 
for a stretch of too ft., the track is fairly 
level, while the radius of the most important 
of the few sharp curves on the line is 40 ft. 
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The width of the road- followed by the line 
varies from 60 ft. to 19 ft at its narrowest 
stretch. The total length open to traffic on 
April 4th is 11 miles which, with the ex- 
ception of one mile of single-track, is double- 
track 3 ft. 6 in. in width, carrying rails of the 
girder type, having a weight of 83 Ibs. per 
yard and being supplied by the Lorain Steel 
Company. Among the more or less novel 
features .regarding the track may be men- 
tioned the use of macadam between the rails, 
which are on both sides flanked bya toothed 
row of granite set; while on stretches 
where macadam is used a continuous con- 
crete sleeper, 1 ft. 9 ins. wide and 6 in. thick, 
running longitudinally, serves as a foundation 
to the rails. The standards carrying the 
trolley wires, erected at intervals of 40 yards, 


have been furnishéd by the National Tube , 


Company ; the pole brackets and arms were 
supplied by Messrs. J. & C. McGloughlin, of 
Brunswick Street, Dublin, who also have 
furnished some of the wrought-iron work 
used in the central station ; while the cast- 
iron bases are the work of Messrs. Koss & 
Walpole, of Dublin. The trolley wire is 
double throughout, being hard-drawn copper 
No. oB and S gauge, having the usual con- 
ductivity of 98 per cent. pure copper anda 
breaking strain of 4,500 lbs The high- 
pressure three-core cables, extending from 
the main station to Ramsgate and Margate 
respectively, have been supplied by the 
British Insulated Wire Company. 

The Power House of the system is very 
favourably situated near the railway in the 
parish of St. Peter’s, Broadstairs, which is 
practically the centre of the line, and where 
there is ample room for extensions, if such 
should be required. The coal is carried from 
the railway direct to the bunkers by means 
of a sliding, which has proved very useful 
during the period of construction, the goods 
cars, Carrying machinery and other articles 
of equipment, being able to bring their goods 
direct to the station ; and, of course, in future 
also supplies will take the same route. 

Four Babcock & Wilcox boilers (see ¢//us- 
tration, ~p. 74) form at present the equipment 
of the boiler-room, being erected, as-is cus- 
tomary, in pairs. They havea heating surface 
of 3,140 sq. ft. each, and are built for a working 
pressure of 160lbs. persq.in. They are hand- 
fired, and for that purpose are provided with 
ordinary grates and doors. The water used 
in these boilers is furnished by a well having 
a depth of 130 ft., with adits 800 ft. long, while 
the Broadstairs water main can be used in 
case of emergency. The portion used for 
feed-water’ passes through a_lime-water- 
softener having the shape of an iron tower 
furnished with a reservoir on top. ~There are 
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two vertical feed-pumps, each of which can 
furnish 5,000 gals. per hour at 50 strokes per 
minute. To reduce the consumption of fuel, 
an economiser, supplied by the Claycross 
Company, is fitted in the main flue near the 
chimney base. It consists of 240 tubes in 
sections Io pipes wide, the tubes having a 
length of 9 ft. and a diameter of 4% ins., 
representing a total heating-surface of 
2,400 sq. ft. 

The fine engine-room is well lighted by a 
glass roof and end windows, and, as shown in 
one of our illustrations, contains at one end a 
switch-board gallery. Its present equipment 
consists of two 200 k.w. continuous-current 
traction sets, and two 2,500 volt three-phase 
generators. Both are represented in our 
illustrations, but only the former are at 
present running, and supply current at 500 
volts to the trolley-line by means of the 
underground cable above mentioned, the 
distributing pillars being, as is usually 
the case, placed at half-minute sections. 
The engines driving the continuous-current 
sets were built by the E. P. Allis Company, 
Milwaukee, U.S.A., and supplied by Messrs. 
R. W. Blackwell & Co., Ltd., London, being 
of the makers’ usual tandem pattern, 
furnished, as seen in the photo-engraving, 
with the Reynolds-Corliss valve-gear. Each 
of them is constructed to develop 320 :i.h.p. 
at normal load, but, in case of emergency, 
may be made to furnish a maximum of 
480 ih.p. The normal speed is 135 revs. 
per min. The directly-coupled generators 
are of the B. F. H. 6-pole pattern, serving as 
shunt machines on the lighting circuit, and 
as compound-wound machines on the tram- 
way circuit ; each of them has an output of 
200 k.w. at a pressure of 500 volts. 

The three-phase generating sets (see 7//us- 
tration) are of an unusually small size. They 
are driven by fast-speed three-crank vertical 
compound condensing engines, built by 
Messrs. Bellis & Morcom, each of them 
being able to develop 260 to 325 i.h.p. with a 
steam pressure of 150 lbs. per sq. in., and 
running at 300 revs. per minute. The fly- 
wheels are heavier, as is customary with 
engines of this type and size, since it is 
stipulated that the speed shall not vary more 
than 14 per cent. above or below the normal. 
The three-phase alternator supplied by the 
British Thomson-Houston Company with 
which each of these machines is direct- 
coupled, has a frequency of 50 cycles per 
second. Its output is 300 k.w. at a pressure 
of 2,500 volts, when running at the engine’s 
speed of 300 revs. per minute. 

Three Wheeler condensers of the Ad- 
miralty type are included in the equipment 
of the engine-room, one of them serving for 
































FIG. I.—NEW GOVERNOR FOR GAS AND OIL ENGINES. 
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FIG. 2.—NEW GOVERNOR FOR GAS AND OIL ENGINES. 
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the two Allis engines, while the Bellis engines 
have one each. The cooling surface of each 
condenser represents 1,300 sq. ft., and the 
condensing plant works in connection with 
the cooling towers above mentioned. 

The storage battery room contains a Tudor 
battery, consisting of two sets of cells, each 
comprising 265 cells, or 530 cells in all, and 
each set has a capacity of 250 amp.-hrs. at 
the rate of 500 amp. for five hours. These 
batteries, which are intended for the lighting 
of Broadstairs, are charged from two motor- 
generators, the motors of which are run from 
the 500-volt bus-bars. 

The sub-stations at Ramsgate and Margate, 
which are not yet quite completed, will be 
furnished with two and four 8-pole 1,000 k.w. 
rotary converters respectively, between each 
of which and the feeders three independent 
transformers are to be employed. Margate, 
moreover, will be provided for lighting 
purposes with a small battery to be used in 
addition with the converters. 

From the above outline, somewhat concise, 
we grant, owing to the lack of space, the 
reader will see that the Isle of Thanet 
enterprise may be called “up-to-date” in 
every sense of the word, and its success, we 
feel sure, will secure deserved profit to its 
promoters. 
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‘NEW GOVERNOR FOR GAS AND 
OIL ENGINES. 
@® 


HE development of motive power by gas 
has received a great impulse in recent 
years from the many improvements 

based upon the original principle of the Otto 
cycle. Prominent amongst these improvers, 
we find Mr. Alf. Dougill, of Leeds, the in- 
ventor and owner of several valuable patents. 
He has given great attention to the possi- 
bilities attainable in motive power from this 
source, and is now in the position of being 
able to claim success for his inventions. The 
construction of this class of engine, with a 
b.h.p. of 200, is a tremendous advance upon 
the narrow limits to which gas was long con- 
fined, yet these are as much under the 
control of his patent governor as engines of 
the smallest dimensions. This governor is 
applied to all engines constructed by Alf. 
Dougill & Co., Limited, Leeds. Its _prin- 
ciples are illustrated in Figs. 1, 2, 3, and 
show a rotary governor, specially adapted to 
gas engines, and ensuring the steady driving 
of dynamos for electric lighting and other 
work, where uniform motion is highly essential. 
This governor acts upon both the air and 
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AN INGENIOUS SURFACE 


CONTACT SYSTEM. 
@2 
HE characteristic feature 
of the surface contact 
system to which in the 
ollowing pages we call the 
attention of our readers is, 








that it is not based, as many 
similar ones are, on the use 





FIG. 3.—-NEW GOVERNOR FOR GAS AND OIL ENGINES. 
MESSRS. ALF. DOUGILL AND CO., LTD. 


gas valves, admitting both in due proportions 
to form an explosive mixture of air and gas. 
When the speed increases, the volume of the 
explosive mixture decreases, and, vice versd, 
increases when the speed falls. Under all 
conditions the due proportions of air and 
gas are maintained, a large or smaller charge 
being exploded at each cycle, so long as any 
load is being driven. 

The essential parts of the gear of this 
governor are shown in Figs. 1 and 2, by the 
step cam O, and the sleeve Z. The lever P 
actuates both the gas and air valve spindles, 
NV and M, by the step cam (QO, operating 
upon the movable sleeve Z. In Fig. 2 the 
sleeve Z is shown in line, with the highest 
step of the cam O, when the maximum 
charge of gas and air is admitted. When 
the speed of the engine increases, the rise of 
the governor balls / draws the sleeve Z 
towards the lower steps, when the lift of the 
valve is diminished and the explosive charge 
decreased, as shown by the diagram, Fig. 3. 
The sleeve Z being perfectly free to move 
sideways, when the speed varies, makes the 
action of the governor quick and sensitive in 
its operation, and the reduced compression, 
when the engine is running light, is shown 
by the diagram, Fig. 3. 

Fig. 4 shows a petrol, or gasoline motor, 
with 3 te novel features, the chief one 
being a patent carburetter. This is a device 
whereby the air is drawn over the petrol by 
the suction of the motor, thus forming an 
explosive mixture. Between the carburetter 
and the automatic inlet valve, several layers 
of gauze are placed, which prevent ignition 
in the carburetter. The inlet is controlled 
by conical double-valve seats in the interior 
of the carburetter, which works equally well 
both on horizontal and vertical engines ; and 
is specially adapted to cranes on buildings 
and in streets, where smoke is undesirable. 
It is also applicable to motor-cars, canal- 
boats, locomotive cranes, portable drilling 
machines, and other unfixed machinery 


of an electro-magnetic 
switch, but is a mechanical 
system; and by selecting 
this device the inventor, 
Mr. W. Kingsland, has made a concession 
to the idiosyncrasies of the British local 
authorities, who seem to have an unsur- 
mountable and, it appears to us, quite 


unreasonable, prejudice to electro-magnetic 
switches placed underground, however excel- 


FIG. 4.——-NEW VERTICAL PETROL OR GASOLINE MOTOR. 
MESSRS. ALF. DOUGILL AND CO., LTD. 
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FIG. I.—THE KINGSLAND SURFACE CONTACT SYSTEM, 


lent and ingenious they may be. Concessions 
to prejudices of persons lacking the special 
knowledge. required for forming an opinion 
on technical matters in most cases result in 
the production of an inferior article to that 
which was rejected ; therefore Mr. Kingsland 
may be sincerely congratulated for having 
established an exception to the rule by in- 
venting a mechanical system not only equal to 
his electro-magnetic surface-contact system, 
and declined with thanks by the municipal 
authorities to whom it was submitted some 
three years ago, but in reality more suitable, 
owing to its extreme simplicity, a feature 
which, ce/er7s Paribus, constitutes a decided 
advantage in all technical devices that have 
to be handed over, when in use, to persons 
who bring no other insight to the task except 
that of the average British workman. As 
far as we are able to judge from a summary 
inspection last month, and from the opinion 
of persons who have inquired at greater 
leisure into the working of Mr, Kingsland’s 
surface-contact system, we have little doubt 
that its adoption in this country is a matter of 
time only, and that when once taken up by 
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VIEW SHOWING THE PRINCIPAL PART OF THE APPARATUS. 


some corporation or company, it will speedily 
increase in popularity. The general idea 
underlying this ingenious and decidedly 
novel method of running an electric tram- 
way line is seen in the photograph reproduced 
in Fig. 1, illustrating the chief parts enter- 
ing into the device for controlling the switch 
and thus establishing the connecting or break- 
ing of the electric contact. These parts, as 
shown, consist, first, of an outer switch-box, 
with a portion of the running rail attached, 
which contains, placed inside a narrow slot, 
a star-wheel rotating through an angle of 
60 degs. when hit by a striker, carried by the 
car, and thus turns a commutator which 
mediates the establishment or the breaking 
of the contact; secondly, an inner switch- 
box, with the switch and automatic stop 
checking the rotation of the wheel beyond 
60 degs. ; and, thirdly, somewhat in front of 
the two boxes in the photograph, the tappet- 
wheel, with the bracket supporting it. In one 
of the arrangements devised by the inventor 
the car has two strikers, the first serving to 
switch the car on to the stud making the 
contact, and the second instantly cutting the 
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FIG. 2.—-DETAILS OF LOCKING MECHANISM. 
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FIG. 3.—CROSS SECTION OF TRACK. 


(a) Through a street box and contact stud. 
(4) Through intermediate portion of track. 
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current off as the car leaves it. On another 
arrangement the connections are made in 
such a manner as to permit the one striker 
to perform both operations. Perhaps the 
most important of the mechanical features 
connected with the working of the switch is 
the extremely ingenious device by which the 
tappet-wheel, as above-mentioned, is pre- 
vented from being carried beyond the angle 
of 60 degs. by the impact of the striker when 
the car is travelling at high speed. This 
device, which is illustrated by a section, a 
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striker, while the stops with which the ring 
is provided prevent the spindle from further 
rotation. This motion is combined with the 
movement of opposing rings of segmental 
screw-threads facing in opposite directions, 
some of them being free to move axially, 
though not to rotate, and being so interlocked 
as to prevent a revolution of the tappet-wheel 
beyond the degree above-mentioned. At the 
same time, in consequence of the action of 
several springs, the various parts immediately 
upon the completion of the rotation through 
60 degs. return to their initial position, so as 
to be ready to resume their function at the 
next impact of the striker. The whole opera- 
tion is performed with the greatest accuracy, 
and, as the tests have shown, a speed of even 
20 miles per hour produces no irregularity. 
In order to prevent the tappet-wheel from 
being wilfully tampered with, Mr. Kingsland 
has designed and patented two mechanical 
devices. The first of these, visible in the top 
portion of Fig. 3, representing a cross-section 
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FIGS. 4-S.—DETAILS OF CONTACT STUDS. 


cross section, and a development of one of 
the screw motions in Fig. 2, is easily grasped 
when seen in operation, but unfortunately 
would require far more space to describe in 
detail than we can afford to devote to it. 
The general principle of the locking me- 
chanism is not unlike that . brought into 
operation in the breech-blocks of guns. The 
tappet-wheel is keyed to an outer wheel con- 
taining the segments of six screws cut into 
it and engaging with a ring of gun-metal, to 
which it imparts a rotary motion through an 
angle of 60 degs. at every impact of the 


of the track through a street box and contact 
stud, consists of an angle-iron fixed to the 
tramway rail over the tappet-wheel, serving 
as a shield, the striker on the car being so 
curved as to go round it. The second con- 
sists of a vertical lever with two projecting 
pieces, standing one on each side of the top 
vertical tooth of the tappet-wheel, while a 
projection with which the striker is provided 
pushes the lever sideways away from the 
tappet-wheel, and permits it to fall back into 
its original position when the striker has 
passed. 
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The contact studs are solid fixtures con- 
nected by means of flexible conductors, to 
enable them to be removed for inspection. 
Fig. 4, shows a plan of the general arrange- 
ment. Fig. 5,a vertical section, on the line 
XY of Fig. 4, of a “contact plate” detached 
from the “ body” in a contact stud composed 
wholly of insulating material, the “ contact 
plate” being indicated in position by dotted 
lines. Fig. 6 isa sectional elevation of a com- 
plete contact stud ofasomewhat different type, 
in which the contact plate i is separated from 
a non-insulating “body ”—formed of metal, 
for instance-—by means of an insulating lining 
or cover to the latter. Fig. 7 is an external 
side elevation of this modified kind of stud. 
The conductor in Fig. 8, which has to be 
electrically connected to the contact plate, 
is brought into the cavity in the body of 
the stud containing it through a suitable 
opening, and terminates in any suitable form 
of connector. The flexible conductor is of 
sufficient length to be attached to the con- 
nector before the contact plate is put into its 
place. The cavity, after the connection is 
made, may be partially filled with insulating 
material, run in while in a liquid state and 
allowed afterwards to set, so as to efficiently 
seal the sectional conductor .S, and to protect 
it from dampness. 

The-above will suffice to show to the 
reader that Mr. Kingsland’s invention has 
undoubtedly the merit of great simplicity, and 
that it requires no special arrangements for 
track construction ; in fact, it is applicable 
to any existing track, since merely an addi- 
tional rail would be required to form the slot, 
while bonding the original rails for the return 
circuit. The slot required is very shallow, 
and certainly cannot legitimately be called 
a conduit, containing, as seen from the 
description of the system, no conductors ; 
while injury by water is quite impossible. 
If necessary, the Kingsland surface-contact 
line can be changed without difficulty to an 
overhead-trolley line at the outskirts of a 
town or village ; and another advantage is, 
that rails for the return circuit can be dis- 
pensed with by laying down a second row 
of studs to be operated by the same switch 
gear. Finally, as regards cost, though Mr. 
Kingland’s system is more expensive than a 
trolley line—requiring as it does an outlay of 
from £6,500 to £7,500 per mile, as against 
£5,000 to £6,000 for an overhead line—it is 
far cheaper than an open-conduit line, with 
its practically prohibitive cost of from £i0, 000 
to £12,000; while its advantages over the 
latter as regards convenience, - to mention 
merely the total absence of disturbances of 
the street pavement and derangement of the 
pipes underlying them, such as is required 


Vol. 5.—No. 24. 





81 





in the construction of a conduit line, will be 
obvious at a first glance. For these and 
other reasons there seem good prospects for 
its adoption in the laying down of new electric 
tram lines, unless it meets with the usual 
stubborn opposition on the part of those to 
whom -anything new, however excellent, 
appears to be the very road to ruin, and 
who prefer to wait until some of our com- 
petitors have demonstrated its usefulness, 
and, of course, obtained a practical monopoly 
by having been first in the field. 
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‘POWERFUL STEAM ROAD VEHICLE. 


DESIGNED TO CARRY LOADS OF FIVE TONS UP 
GRADES OF 1 IN 10, 


OF 


HE vehicle shown in our illustration is 

designed and built by Messrs. T. 

Coulthard & Co., Ltd., Engineers, at 
Preston, having a carrying capacity of 5 tons 
on fair macadam or paved roads, and on 
grades not exceeding 10 per cent. If it is to 
be used on bad roads or steeper grades the 
load must be reduced accordingly. The 
leading dimensions are :—length over all, 
18 ft. 3 in. ; width over all, 6 ft. 6 in. ; height 
over chimney, 8 ft. 10 in. ; platform, 12 ft: 
6 in. by 6 ft. 6 in. ; area of carrying platform, 
80 sq. ft.; fuel bunker capacity, 4 cwts., 
30miles ; speeds (fastand slow), 5 and 24 miles 
respectively. As fuel, either ‘and or coke 
may be used. Solidity of construction is, of 
course, absolutely necessary in motor car- 
riages of this kind. The main frame is made 
of channel steel braced and constructed so 
as to carry the whole of the machinery, 
boilers, and tanks, and is supported on the 
axles by long laminated springs. Steam is 
supplied by a vertical fire-tube boiler of 
a type of which Messrs. Coulthard & Co. 
make a speciality. It is designed for a work- 
ing pressure of 200 lbs. per square inch, and 
is inspected and approved by the National 
Boiler Insurance Company, which enables 
the makers to issue to their clients a twelve- 
months’ insurance policy on that company. 
The boiler feed pump is directly connected 
to the engine, and an independent steam 
pump is fitted as an emergency feed. The 
engine furnishing the motive power is fitted 
with link-reversing gear. All the various 
reduction and compensating gear and shaft 
are enclosed in the oil-tight casing, which is 
extended and specially fitted for the purpose, 
perfect lubrication of all the working parts 
being thus insured. A Hans and Renold’s 
patented silent driving chain is used for 
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FIVE-TON STEAM ROAD VEHICLE BY MESSRS. 


transmitting the drive to the road wheels. 
The latter are of gun-carriage pattern, pro- 
vided with steel hubs, oak spokes and ash 
felloes, the tyres having a width of 6 ins. and 
sins. By a triangular attachment, specially 
designed by Messrs. T. Coulthard & Co., the 
drive is taken direct to the wheel felloes. 
As main brakes serve two band brakes fitted 
to the road driving wheels, and capable of 
bringing the vehicle toa stop on any gradient. 
The whole design of the vehicle is such as to 
permit its working with a small expenditure 
for repairs, and io secure for it a reasonably 
long life. Messrs. Coulthard & Co. more- 
over undertake to renew any part of the 
vehicle which may fail or break within six 
months of delivery, excepting such breakage 
or failure as is due to neglect, improper use, 
or accident. Among those who have pur- 
chased one of these motor-vehicles are 
Messrs. John Dugdale & Bros., Towerhouse, 
N. Burnley, who have expressed their full 
satisfaction to Messrs. Coulthard & Co. with 
its construction and working capacity. 
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THE NEW MIDDLETOWN BRIDGE. 


CONTAINING THE LONGEST HIGHWAY DRAW- 
SPAN IN THE WORLD. 


Oe 
OMMUNICATION between the two banks 
of the Connecticut River at Middle- 
town, Connecticut, prior to 1896, was 
made by means of ferries. The increasing 
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volume of traffic could not, however, be 
dealt with by this inadequate means, and it 
was decided, therefore, to construct a bridge. 
A company was immediately formed under 
the name of the Middletown and Portland 
Bridge Company, to build and maintain a 
toll-bridge, the location for the structure 
being fixed on the line of ferry which ran 
from the foot of Ferry Street, Portland, toa 
point on Bridge Street, Middletown, about 
one-sixth of a mile above the railway depét. 
This point is 830 ft. up-stream from the 
railway bridge, and 300 ft. below the end of 
Willow Island. 

The bridge constructed at this point is 
1,300 ft. long, with a 26-ft. roadway, provision 
having also been made for two 6-ft. side- 
walks. In addition to the street traffic, it 
carries a line of electric railway, connecting 
the two towns of Middletown and Portland. 
The structure consists of :— 


2 Fixed spans, 200 ft. from centre to 
centre of piers. 

2 Fixed spans, 225 ft. from centre to 
centre of piers. 

1 Draw span, 450 ft. from centre to 
centre of piers. 

The position of Willow Island, with the 
channel on the west side, necessitated the 
draw span being in the centre of the river, a 
circumstance which contributed to the 
symmetrical arrangement of the spans. 
Two clear waterways of 200 ft. each were 
requisitioned by the Government, which 
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MIDDLETOWN BRIDGE. 


fixed the length of the draw span at 450 ft. 
The following table shows the lengths of 
the longest existing draw spans, not including, 
however, railroad drawbridges that have a 
highway attached. 


Middletown Bridge 450ft. long. 
Malcombs Dam ,, 412 ,, 
Third Avenue ,, 300 ,, 
Haarlem Canal ,, 270 ,, 


Cleveland » 279ft. in two spans. 
Charlestown »  240ft. long. 


It will thus be seen that Middletown Bridge 
is the largest highway drawbridge in the 
world. 

Notwithstanding its being 30 miles from 
the sea, there is a tide of 24 ft., and the 
highest known water-mark is 25 ft. above 
low water. The floor of the bridge was placed 
6 ft. above the last elevation, making the 
distance from floor to low water 31 ft. At 
low tide the depth of water in the channel is 
16 ft. 

The width of bridge selected, v7z., 26 ft. 
centre to centre of trusses, is that required 
for two lines of carriage travel, and one line 
of electric cars. Provision is also made on 


the floor beams for connecting sidewalk 
brackets in the future. 


The floor of bridge 








SIDE VIEW OF SWING SPAN. 


is designed to carry a live load of 100 lbs. 
per square foot, 14-ton electric cars or a Io- 


ton wagon. The trusses are proportioned 

for a live load per foot of bridge of 1,500 Ibs. 

for chords, and 2,000 lbs. for web. Medium 

steel was used throughout, except for eye 

bars and lateral rods, which were of iron. 
The allowable unit stresses are-— 


Per sq. in. 
Tension-iron eye bars 12,500 Ibs. 
a lateral rods 15,000 ,, 
Steel plates and shapes 15,000 ,, 
12,500 ;, 
Compression... S80 me I 
1+ 18,000 rds. 
Fibre stress on steel beams... 16,000 Ibs. 
Fibre stress on yellow pine 
beams Re ten 1j250'.,, 
Bearing on pins and rivets... 16,000 _,, 
Bending ,, ti 22,000 ,, 
Shearing ,, a 8,000 ,, 


The bridge throughout has a wooden floor, 
consisting of 4-in. by 14-in. yellow pine vul- 
canised joists, spaced 2} ft. apart, and two 
layers of spruce plank. The lower is 3 ins. 
thick, kyanised, and laid diagonally ; while 
the upper is 2 ins. thick, square across. Both 
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layers are dressed on one side. The stringers 
for the car track consist of 15-in. steel beams, 
weighing 42 Ibs. per ft. On each side of 
road is a lattice railing with a 14-in. pipe top. 

The proportions selected for the trusses 


are— 
Panels. Depth. 
200 fixed span... 12 21 to 37 ft. 
os eee oa apen > SE gs Pats 
450 draw ,, ... 20(at21ft. 3ins.) 21 ,, 55ft. 
I (at 22 ft.) 


The turntable is entirely rim-bearing., Eight 
loading beams transfer the weight to 16 points 
on the drum, which is 4 ft. deep and 3: ft. 
diameter. This stands on 64 cast-steel 
whee!s 8 ins. by 16ins., which run between 
cast-steel bevelled treads 2 ins. thick at 
centre. The lower tread rests on wrought- 
steel plates bolted to the masonry. This 
arrangement of turntable makes a simple 
construction, and is believed to be as effec- 
tive for a highway draw as some of the 
more elaborate combinations of rim- and 
centre-bearing turntables, which depend on 
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MIDULETOWN BRIDGE—LOOKING DOWN THE SWING SPAN, 
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their adjustment for an even distribution of 
load. _The drum and wheels are secured in 
place to a centre casting by means of the 
usual radial braces and spider frame. This 
centre casting is set down 6 ins. into the 
stone pier, and secured to it by means of 
eight bolts 14ins. diameter and 6 ft. long, 
built solid into the pier. This casting has a 
hollow centre for the passage of wires up to 
the bridge. 

The draw is operated by three 25 h.p. 
electric motors of railroad type, one for 
turning and the other two for blocking up 
the ends. Besides these there is a fourth 
motor, and a duplicate set of turning ma- 
chinery, all in place, which can be used in 
case of unbalanced wind pressure ; or, in the 
event of a breakdown occurring in the other 
machinery, these two sets can be worked 
independently or together, at the will of the 
operator. Power is taken from the Middle- 
town street wires, and a cable is laid on the 
river bottom and brought up on the centre 
pier. This passes.in a groove under the 
wheel track and up through the 
centre casting. The operating- 
house stands on an overhead plat- 
form in the centre tower. The 
walls and floor are of double 
thickness, and heaters are pro- 
vided for cold weather. The plat- 
form is reached by means of a 
ladder from the bridge floor. It 
was originally intended that the 
closing of the gates should be 
done by the operator in the tower ; 
and, in fact, Mr. Tyrrell, the 
engineer of the superstructure, 
made a complete design for 
electrically worked steel safety 
gates. 

The essential idea of this design 
is that the bridge and the gate 
cannot be open at the same time. 
The first cost of these gates is of 
course high, in comparison with 
the first cost of the ordinary 
style of hand-operated wooden 
gates, but they dispense entirely 
with the services of a gate- 
man, and for this.reason will 
prove more economical in the 
long run. 

The accompanying drawings 
show a pair of gates, originally 
designed by Mr. H. C.- Tyrrell, 
the engineer of the superstructure 
for this bridge, with approach 
spans at either end, and having 
a 26-ft. roadway and no sidewalks. 
The design can, however, be 
modified to suit any width of 
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MIDDLETOWN BRIDGE—GATES ORIGINALLY DESIGNED FOR THIS STRUCTURE, 


bridge, either with or without sidewalks. As 
will be seen, the gates are keyed to vertical 
shafts, which are shown turning in boxes 
fastened to the web posts of the fixed span. 
At the foot of these shafts are toothed seg- 
ments worked by worms, which lock the gates 
in any position. These worms turn in oil 
baths, as shown. The worm shaft is con- 
nected by a system of reducing gears with 
the motor. In this system of gears is in- 
cluded a half-gear, which insures a movement 
of 90 degs. only to the gates, and at the same 
time gives the operator a few seconds leeway 
in’ shutting off his power from the gate motor. 
Power is supplied by a General Electric 3 h.p. 
enclosed motor, shown in the lower righthand 
corner of the drawing, and this receives its 


current from wires on the draw span, through 
contact plates. When the gates are closed 
and the draw span is swung open, the electric 
connection is broken and the gates cannot be 
moved. Hence, the gates are controlled 
entirely by the operator on the draw span. 
The service of one man only is required on 
the bridge at any one time. No time is lost 
in walking to and from the gates, as in the case 
of wooden gates operated by hand. The 
gates are always locked in every position, 
either open or closed. As an extra pre- 
caution they may be placed, say, roo ft. from 
the draw span. Then, should a car or 
train break through them, they would cer- 
tainly come to a standstill before reaching 
open water. 


( To be concluded. ) 








The purport of this section of FEILDEN’S MAGAZINE is to give the skilled mechanic in our great 
industrial estabtishments an opportunity of bringing his fractical ideas and experience into print. 
Inventive capacity and careful thought on the part of the workman is what we desire to encourage and 
foster. To this end we invite skilled mechanics, foremen, under-foremen, and heads of departments, 
to communicate practical suggestions, which, if accepted, will be suitably paid for. Wherever possible, 
drawings should accompany the contribution; rough sketches will suffice, as, when draughtsmanship 
is at fault, we will do all that is necessary to render them fit for publication. Nothing will be too 


poor for a careful inspection. 


Questions relating to shop practice are also invited, for which we pay 


one shilling. Answers to these questions that are printed are also suitably paid for according to merit, 
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A Few Hints on Engines.—A few precautions 


taken before starting an engine may frequently 
save a very considerable amount of damage, so 
that a few practical hints are at all times valuable, 
especially to those who are not constantly in charge, 
but may be called upon to start the engine in case 
of emergency. Before starting, see that all the 
bearings, pins, slides, etc., are well oiled ; and 
if, as is very often the case, the oil is placed in 
ordinary lubricators, see that all the pipes and 
openings from them are quite clear. The governor 
should have special attention: see that the sleeve 
and levers are quite free to move on the shaft and 
pins, as they are liable to become tight if the 
engine has not been working regularly. The 
drain-cocks should be opened before turning on 
steam, even though relief-valves are fitted. When 
starting, open the stop-valve a little, bar the 
engine round a few times, close the drain-cocks, 
and let it rest for a few minutes with a little steam 
on until it is thoroughly warmed ; again open the 
drain-cocks, bar round, and gradually oper the 
valve to full steam. The drain-cocks can now be 
closed, as the relief-valves will now deal with any 
accumulated water in the cylinder. If packing in 
the stuffing-boxes requires replacing and there is 
some difficulty in getting out the old stuff, it can 
be often started by slacking back the gland and 
then turning on the steam, thus forcing the pack- 
ing from its place For the smaller type of engines, 
soft cotton or asbestos cord is generally used. This 
should be cut to the necessary lengths, but with 
the ends cut diagonally instead of at right angles 
to the length. By doing this the pieces can be cut 
a little longer than the stuffing-box circumference, 
and it will be found that the inclined ends make a 


better joint by having the longer jointing surface. 
All grit must be carefully avoided ; and before the 
packing is put in it should be well tallowed, and 
if the diameter be rather large it should be flattened 
by a few blows given with a mallet. After pack- 
ing the glands, the engine may be run for a few 
hours, when it should be examined and the stuffing- 
boxes will probably accommodate another piece, 
no two joints of which should come over the other, 
but on the opposite sides of the diameter. Cylindes 
and steam chest-cover joints may be made with a 
thin mixture of red and white lead in equal quanti- 
ties ; temporary pipe joints, with rubber rings 
well covered with whitening to prevent sticking ; 
ordinary pipe joints, with hemp and red lead. 
Vertical exhaust pipes leading into the atmosphere, 
with an elbow pipe at the bottom, should have a 
tap inserted at the bottom to allow the condensed 
steam to be drained off, neglect of this causing 
frequent trouble, particularly at starting ; it should 
also be opened at intervals during the running. 
F. H. PALMER. 
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Sheet Metal Work.—The illustrations 1 to 4 
show a few examples of sheet metal work, the 
making of which may present some interesting 
features to those whose inclination tends to pro- 
duce something artistic at a moderate cost. Fig. 1 
shows a useful lamp with locking device for 
attachment to a vehicle, and to be finished in 
japanned tin or other sheet metal. Fig. 2, hot- 
water can to be made in tin, sheet brass or copper. 
Fig. 3, a vase-shaped lamp, octagonal in shape, as 
shown in plan. This is made in tin, sheet brass, 
copper, or planished steel, the latter looking very 
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well. It may be fitted with lion-head handles, 
which give a bold effect, whilst the body of the 
lamp may be enamelled or lacquered to taste. 
Fig. 4, a copper coal vase with forged iron feet 
and twisted handles; the sides may be left plain or 
embossed with some design; a removable inner 
box may be made of sheet iron. The sides of the 
figures are easily developed, and the bending 
operation may be performed by cutting through 
with a band-saw to the correct outline a block of 
timber a little longer and wider than the metal 
plate, thus forming a top and bottom swage. 
J. CHESHIRE. 


Setting Out Cams. —The setting out of cams 
or time motions is attended at times with some 
little trouble, owing to the principle not being 
fully understood ; and as automatic machinery is 
ever increasing, mechanics are more frequently 
required to arrange, alter, or substitute other forms 
of cams in order to produce different work than 
that for which the machine was originally intended. 
In conjunction with this form of mechanism, and 
for the purpose of reducing both wear and friction, 
steel bowls, pivoted on studs fixed in the levers, 
work on the periphery of the cams or in grooves 
forming the cam, cut in the face or on the edge of 








METHOD OF SETTING OUT CAMs. 


a disc or cylinder of metal. In designing cams, 
two important functions must be observed—viz., 
the diameter of the bowl and the relation between 
the speed and the different operations to be per- 
formed. The diagram shows a cam to make one 
revolution in 60 secs. with the following move- 
ments: I, a rest.of 10 secs. ; 2, a quick rise of 
2 ins. in the next 10 secs.; 3, a gradual rise of 
2 ins. in the next 20 secs. ; 4, a further rise of 4 in. 
in 10secs. ; 5, a fall of 4} ins. in the last 1osecs. 
to the starting-point B. The method of setting 
out is as follows: From A as a centre, describe a 
circle with a radius greater than the distance from 
A to the highest point on the cam. From the 
centre draw lines, as B, D, Z, F, G, coinciding 
with the proportion of movement. Mark off on 
these lines the distances of rise and fall. With 
radial lines make any number of convenient divi- 
sions, and cut them with the same number of 
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concentric arcs of circles, as shown on left-hand of 
diagram. With these points of intersection as 
centres, draw circles equal in diameter to the bowl, 
the periphery of each circle where it cuts the radial 
line marking a point for the outline of the cam. 
The greater the number of divisions and concentric 
arcs the more accurate the contour of the cam, 
which is formed by curves or approximate arcs of 
circles touching the points of intersection. All 
periods of rest are equi-distant from the centre at 
every point, and this distance must be first deter- 
mined in the setting out of the cam. 
“* DRAUGHTSMAN.” 
> 

A Marking-off Tool.—This is a tool designed 
for marking off a number of similar holes, such as 
are met with in plate girders, shipbuilding and 
general boiler work. The usual method of setting 
out a number of holes for drilling is to mark the 
centre with a punch and describe a circle equal to 
the diameter of the hole to be drilled; half-a- 
dozen centre ‘‘ pops” are then made on the line 
as a guide to the driller. The tool as shown 
simplifies the work, as only the one centre is 
required, and the marking out of a number of 
circles is at once avoided. It should be made out 
of gcod tool steel, turned at the large end to the 
diameter of the holes to be drilled, with the front 
coned or cupped to a cutting edge. A hole bored 
up the centre is fitted with a hardened steel centre, 
behind which is a spiral spring, a pin is fixed in 
the centre, and is free to move in the slot S. The 
coned front is filed across to form six points and 
afterwards hardened, the spring centre set in place 
completes the tool ready for use. The spring 
centre locates the position, and a-smart blow 
indents the work with the marks within which 
the hole must be drilled. Fig.-2 illustrates the 
operation. H. O. Dixon. 

a) 


A Dent-Raiser.—The principle of the inclined 
plane and screw is embodied in a useful tool for 
the purpose of raising depressions or dents in 
metal tubes. Not only in transit, but in the 
ordinary usage of the shop, we often find both 
brass and. steel tubes so badly indented as to be 
almost useless. In the cycle and chandelier trade 
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it is particularly useful, as owing to the high price 
of the tubes employed it becomes a serious item 
to reject them on account of some slight defect of 
this kind. A reference to the illustration—which 
shows a section of the tool—will help to explain 
its construction, which may be briefly described 
as follows:—A piece of round bar-iron or mild 
steel is bored up some eight or nine inches, the 
outside diameter about } in. less than the internal 
diameter of the tubes. An ordinary thread, cut 
on the inside, admits a screw, which forces up the 
block protruding through a slot in the bored 
portion of the rod. The locating collar, fastened 
by a set-screw, is used to fix the position of the 
dent. Tos, BONEHILL. 


Expanding Mandrel.—The sketch represents 
an expanding mandrel, which is very easily made 
in any shop, and can also be made in different 
sizes. The mandrel consists of an outer sleeve 
made of cast iron, which is turned and bored to 
the required taper. Then the sleeve is cut in a 
milling machine into three equal segments, as 
shown at A. The method of using this is to 
insert the whole into the hole of the work 
required to be turned up (just as in the case 
of the ordinary steel spindle mandrel), and tighten 
the nut 8, which draws up the taper plug and 
so expands the trisected parts of the sleeve. 

. ‘* PLUTARCH.” 
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THE ATTENTION or EMPLOYERS 
in our great industrial engineering es- 
tablishments is specially directed to the 
announcement under the heading ‘‘ Work- 
shop Practice.’’ Those British manu- 
facturers among our numerous sub- 
scribers who will assist us in popularising 
this section will be rendering themselves 
real service. 

> 

A LIMITED NUMBER of the first 
and second volumes of FEILDEN’S 
MAGAZINE, bound in cloth, half-calf 
or half-morocco, are now on sale. Appli- 
cations from Annual Subscribers will be 
given the preference, but all inquiries 
will have prompt attention. 
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This systematic record should prove of the greatest value to those of our readers interested in one or more specific 
sections of technology, trade or economics, or to those who have insufficient leisure to peruse the large number of publica- 


tions now appearing. 


In most cases where publications are not readily procurable, with the exception of Transactions of the Learned 
Societies, copies of the articles can be supplied on application by remitting 7d. Should any of our readers desire further 


® ® ® 


information we shall be happy to supply it. 


ARCHITECTURE AND BUILDING, 
1. Construction and Design. 


British Architecture.—Architecture at the Royal 
Academy. Comments on this year’s exhibits, which the 
author characterises as very heterogeneous, and inno way 
indicating what is the present-day tendency. Classic and 
Gothic seem to be more than usually emphasised, and 
there is a lack of really leading drawings.—Sailder, 
May 4th, 1901, pp. 431, 432. 

Church Architecture.—7he Cathedral of Messina. 
By William Durban, B.A, The author gives an interest- 
ing description of the architectural beauties to be found 
in Messina, second only in importance to Palermo, and 
specially dwells on the splendid cathedral, commenced 
in 1098.—Stone Trades Journal, May, 1901, p. 230. 


Some North Cornwall Churches. I1. In the 
oe instalment the author refers to the church at 
lawgan, ‘‘embowered in lofty Cornish elms, and Tin- 
tagel Church, stern and cold, crowning an extreme head- 
land” ; incidentally he describes Trethevy House near 
St. Knighton’s Kieve and Waterfall; he then speaks of 
the churches of St. Minver, St. Mabyn, and St. Columb 
Major, with the description of which he concludes.— 
Builder's Journal, May 8th, pp. 252, 253- 


French Architecture.—Architecture at the Paris 
Salon. Description of the architectural drawings ex- 
hibited in the now permanent abode of the “ Salon,” 7.¢. 
the ‘‘ Grand Palais d’Art.”” The leading exhibit is said 
to be one of those collections of classic restoration draw- 
ings on an immense scale which come from the Villa 
Medici, 7.e. M. Tournaire’s ‘‘ Delphi,” drawings of the 
actual state of the ruins, and a complete restoration of 
the whole site.—Buslder, May 11th, pp. 457-59. 


Italian Renaissance.— 7he Castello at Milan—a 
Wonderful Building. This is a reprint from a contribu- 
tion to the London 7¥mes, describing the excellent 
restoration work carried on by Signor Luca Beltrami, 
with the object of restoring the famous Castello Sforzesco 
to its original beauty.—Builders’ Journal, May 8th, 
1901, Pp. 259. 

Theatre Building.—7he /mperial Theatre, St. 
James's Park. This article deals with the recently 
completed theatre designed and built for Mrs. Langtry 
by Mr. Verity, which deserves certainly the attention of 
architects. Its distinctive features are, first, that from 
every seat in the house the stage and actors can be clearly 
seen ; second, that the architectural treatment of the 
interior, which is in the style of the first French empire, 
is very beautiful, all ornamentation consisting of marble— 
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white, green, mauve and yellow colours prevailing,—of 
tapestry and of burnished metal ; and third, the steel 
construction is peculiar, so as to permit the attainment of 
special objects; and fourth, that the whole equipment 
represents the very latest improvements.—Fritish Archi- 
tect, April rg9th, 1901, pp. 269-70. 


2. Heating and Ventilation. 


Ventilating and Heating. —Ventilating and Heating 
a Restaurant. Description of heating a restaurant in 
Toledo, Ohio, U.S.A., by direct radiation, through which, 
from behind, is thrown fresh cold air, providing for 
ventilation. The air is distributed by a combined plenum 
and exhaust system, and the plant includes a device 
for cleansing the air and, in summer, for cooling it and 
regulating its humidity. ”_— Engineering Record, April 
27th, 1901, p. 403. (Ill) 


3- Plumbing and Gasfitting. 


Plumbing.—Plumbing in the Temple Bar Building, 
Brooklyn. Description of the plumbing work done ina 
modern American office building, twelve storeys high to 
the main roof and fourteen storeys to the top of the 
an —Engineering Record, May 11th, 1901, pp. 452-3- 


4. Miscellaneous. 


Building Materials.— Artificial Stone. By Silvester 
S. Wherly, M.s.A. The author points out that the 
prejudice against the use of artificial stone is unjustifi- 
able, since there are many cases in which real stone could 
not possibly be used, while artificial stone can be used 
with great advantage. Moreover, although artificial 
stone does not “tone” with age, and has not the veinings 
and colours of the natural stone, it permits an enormous 
saving in cost and is excellently adapted for various 
architectural purposes.—Stone Trades’ Fournal, April, 
1901, pp. 207-9. (IIl.) 

— Artificial Stone Plant. Description of the 
manufacture of flag-stones and of the stone-presses, etc., 
introduced by Messrs. Fielding & Platt, Ltd., Glasgow, 
by which from 25 to 30 good and solid flags can be turned 
out per hour.—Stone Trades’ Fournal, April, rgor, 
p- 214. (IIL) 


— Some Norwegian Building Stones.—The article, 
which is accompanied by excellent illustrations, dwells 
on the highly decorative stonework to be seen in 
Norwegian buildings, notably in Christiania, in which the 
excellent use made of the fine Norwegian building-stones 
is very conspicuous.— Quarry, April, 1901, pp. 221-30. 
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Building Materials.—7iles for Fagades. Short 
paragraph regarding the constantly increasing use of 
ceramics in the decoration of houses. The necessity of 
a soot-repelling brick has brought into fashion the use 
of glazed tiles. Such tiles, however, are not a new 
invention, but according to Fergusson, the Orientalist, 
they were used in great number and variety in Persia 
and Scindia.—Stone Trades’ Journal, May, 1901. p. 229. 


Fire-proof Materials. — Zests with Fire-Resisting 
Materials. ‘This is a paper read before the Society of 
Architects on April 25th, r901, by Mr. Ellis Marsland, in 
which he gives a very interesting account of the experi- 
ments with fire-resisting materials carried on by the 
British Fire Prevention Committee.—Builders’ Journ, 
May 8th, pp. 253-57- 

Portland Cement.—J/anufacture and Testing of 
Portland Cement. By Mr. H. T. Jackman, city 
engineer's office, Sheffield, who obtained for the paper of 
which the above is the title the second prize in a recent 
cympetition among municipal engineering students, 
arranged by the Cement Users’ Testing Association.— 
Surveyor, May toth, pp. 562-64. 

— The Manufacture and Testing of Portland 
Cement. By Walter E. Bush. This paper has been 
awarded the first place in the competition which the 
Cement Users’ Testing Association recently held, and 
gives a concise and lucid outline of the characteristics and 
methods of manufacture.—Stone Trades’ Journal, May, 
1901, PP. 237-39. 

Stone-working.—Pneumatic Machinery for Stone- 
working. By M. Powis Bale, M.I.Mech.E., etc. The 
author, who is an expert in matters of stone-working and 
wood-working, demonstrates the advantage of pneumatic 
tools, and shows clearly the absurdity of the prejudice 
that has so long retarded their adoption.— Stone Trades’ 
Journal, April, 1901, pp. 212, 213, and May, 1gor, 
Pp. 227, 228. 


CIVIL ENGINEERING, 


1. Bridges. 


Bridges.—7he Suspender Span of the New East 
River Britze. This is a very interesting digest of the 
text accompanying the contract drawings and specifica- 
tions issued for the construction of the above-mentioned 
Teammate Record, May 4th, 1901, pp. 420, 421. 
Il.) 


— The Redheugh Bridge. Wescription of the put- 
ting into place of the new bridge, built beside the old 
one, which now connects Newcastle and Gateshead, and 
occupies exactly the same place as the old Redheugh 
Bridge, portions of the old approaches having been left, 
but all other parts have been newly constructed.— 
Engineering, May toth, 1901, p. 608. (IIL) 

— New Bridge across the Rhine, near Worms. 
Description of a new railway bridge across the Rhine 
recently inaugurated. This bridge has long been required 
on account of the gre t increase of traffic, but its building 
had to be postponed for some years owing to more urgent 
work in connection with the building of the river port 
— Worms.—Génie Civil, May 11th, 1901, pp. 17-21. 
(IL) 


2. Canals; Rivers, and Harbours. 


Dams.—7he Assouan Dam. The article comprises a 
description of a magnificent engineering feat performed 
by English engineers, and which is now rapidly approach- 
ing completion, 7.e. the Assouan Dam, by means of which 
during high-water, z.e. for several months in the year, a 
lake 144 miles long will be created, which, after with- 
drawing, will leave behind large quantities of fertile 
alluvial soil heretofore carried off into the waters of the 
Mediterranean without being of use to anybody.—Stone 
Trades’ Journal, April, 1901, pp. 202-205. (Ill 


3- Miscellaneous. 


Road and Street Building.—7he Delaware Avenue 
Improvement, Philadelphia. The article gives an 
instructive description of the improvement of Delaware 
Avenue, Philadelphia, authorised by ordinance of City 
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Councils, Nov. 27th, 1896, comprising the widening of the 
avenue a distance of about 5,200 ft., from a general mean 
width of 50 ft. toa least width of 150 ft., and the extension 
of the city piers eastwardly to the new pierhead line, a 
a distance of about 540 ft. The work was bezun October 
18th, 1897, and was practically completed on December 
20th, 1900.— Engineering Record, April 20th, 1901, pp. 
366-69. (Ill.) 

Road Building.—/mproved Road Construction. 
This is an editorial dealing with the constantly increasing 
demand for improved roads in the United States, and the 
author, emphasising the great advantages of good roads, 
points out that the cost can frequently be considerably 
reduced by making use of local materials. Lugineering 
Record, April 20th, 1901, pp. 365, 366. 


—— Road Maintenance in New Jersey. Digest of a 
Special Report by the State Road Supervisor, Mr. R. A. 
Meeker, who advocates the system of continuous repairs 
according to methods clearly described in tie report.— 
Engineering Record, April 2gth, 1901, pp. 574, 575- 

Tunnelling.—The Relining of the Coudray Tunnel. 
The article describes the work of relining the above- 
named two-track railway tunnel between Paris and 
Beauvais, having a length of { of a mile, cutting through 
limestone rock that held a good deal of water, 
although at the time of construction it appeared solid 
enough to call for nothing more than a 13}-in. brick 
lining. In the course of time, however, the ground- 
water washed out the joints of this masonry and leaked 
through, causing serious disturbance of traffic.—Zngi- 
neering Record, April 20th, rg01. (IIl.) 


ELECTRICAL ENGINEERING, 
1. Electro-Chemistry. 


Electrclysis.—Periodical Phenomena during Electro- 
lysis. ~By Dr. K. Koelichen, of Clausthal. The above 
is the title of a very interesting paper on the subject read 
by the author at theeighth general meeting of the 
German Elektro-Chemical Society, convened April 17th 
to 20th, 1901, at Freiburg-i.-B.—Zettsckrift fiir Elektro- 
chemie, May 23rd, 1901, pp. 629-35. 


Hydrogen Peroxide.—Peroxide of Hydrogen as an 
Acid. It has been frequently suggested that peroxide of 
hydrogen, discovered in 1818 by Thénard, is an acid ; the 
experiments made by Messrs. Bredig and Calvert in 
Germany, and described under the above title in the 
journal quoted below, seem to prove this to be a fact 
beyond doubt.—Zeitschri/t fiir Elektrochemie, May 16th, 
1901, pp.622-24. (To be continued.) 


Lithium.— Becker's Method of Extracting Lithium. 
Although lithium is found in connection with quite a 
number of metals, it is present only in small quantities, in 
the best case four, but usually not more than two per 
cent., and its extraction is rendered very difficult. In 
order to extract it a soluble combination of it has to be, 
formed, i.¢.. t has to be produced in form of a sulphate 
or chloride ; unfortunately, however, the metals contain- 
ing lithium contain usually also alkaline metals that enter 
into the solution, and the separation of these alkaline salts 
is difficult and costly. Becker's process here described 
greatly simplifies the extraction of lithium, because in it 
the separation of these salts is avoided, its principle being 
the electrolytical deposition of lithium from the mixture 
of chloride of lithium and the alkaline chlorides.— 
L’ Industrie Electro-Chemique, March, 1901, pp. 21, 22. 


2. Electric Lighting. 


Nernst’s Incandescent Lamp.—-Oferating Con- 
ditions of the Nernst Lamp. Under the above title 
appears a translation of an account, published by M. E. 

ospitalier in the journal Z’/ndustrie Electrique, of a 
number of experiments undertaken in order to determine 
the conditions of its operation and output.—Aéectrical 
Review (New York), May 4th, rgor, p. 543. 


3- Power. 


Electricity Works.— The Works of the Westinghouse 
Electric and Manufacturing Co., Lid. 1.& TI. Thisis 
a very interesting account of the premises, equipment, and 








operation of an establishment of unique interest, the 

leading feature in which appears to be the co-ordination 

of the various elements oF production, resulting in the 

greatest economy and highest efficiency.—£/ectrical 

Review(New ad May rth, pp. 575-79, and May 18th, 
618-21. (Ill.) 


Electric Pumping Plant.—/rrigation Pumping in 
California. Description taken from an American con- 
temporary of the installation at Bakersfield, California, 
for irrigating a large traction of land in the Kern valley. 
The power station is 13 miles distant from the irrigation 
area, and contains for the present two 450 kilo-watt three- 
phase soo volt General Electric Co.’s dynamos, driven by 
Knight water-wheels operating under a 200 ft. head, 
whilst a third unit is now being installed. The power is 
transmitted over two lines at 10,000 volts.—£/ectrician, 
May 24th, rgor, pp 171,172. (Ill) ‘ 


Power Plant.— 7/2 Power Station of the Manhattan 
Elevated Railway. Description of the power station 
now under construction which will furnish current to run 
the trains upon the electric railroads of New York City 
when the motive power shall be changed from steam 
locomotive to electric motors, as well as to light and heat 
the trains, stations, yards, shops, etc. The current which 
this station will furnish to the third rail will displace some 
225 locomotives, which last year used 226,924 tons 
of coal and 535 000,000 gals. of water. This will require 
at times of maximum load some 60,00c electrical h.p.— 
Power, April, 1901, pp. 1-5 incl. ili.) 


—— Canadian Power Development at Niagara. 
Outline of the plant to be installed by the Niagara Falls 
Power Company, under the franchise cr charter of the 
Canadian Niagara Power Company, for the development 
of the power of the Horseshoe Fall on the Canadian side. 
The plans call for an initial development of 35,000 h.p.— 
Western Electrician, May 11th, 1901, p. 315. (Ill.) 


A Power Transmission Plant in Sumatra. 
Description of an interesting water-driven, three-phase 
power transmission plant installed in the Redjang- Lebong 
gold-mine, located near Lebong-Donok, in the yi of 
Sumatra.— Western Electric an, May rth, 1QOI, Pp. 317. 
(IIL) 

— Great Grimsby Municipal Electricity Works. 
Description of the recently inaugurated electric lighting 
plant for the town of Grimsby, of which the foundation 
stone was laid in October, 1899, the tender for plant and 
buildings amounting to £31,000.—F/lectrician, May 17th, 
1901, pp. 127-31. (IIl.) 

Synchronous Motors. — Notes on the Theory of 
Synchronous Motors and of Alternators in Paraile/. 
By Alexander Russell, M.A. The author begins this 
contribution by stating that the ordinary theory agrees 
in most cases closely with experiment, but not always, and 
it is therefore necessary to go back and examine the 
assumptions on which the crdinary triangular diagrams 
are based. He then gives a sketch of the elements of the 
mathematical theory of the synchronous motors and alter- 
nators in parallel, in which great stress is laid on the 
assumptions involved, as these sometimes explain the 
anomalous effects that worry electricians.—Alectrical 
Review, May 31st, 1901, pp. 919-21. (To be continued.) 





Telpherage.—Axn /mproved System of Teipherage. 
Though telpherage was introduced into our industries as 
early as 1883 by Professor Fleeming Jenkin, the absence 
of a suitable motor at that time rendered its general use 
limited. Since then the Consolidated Telpherage Com- 
pany, of New York, has taken up the idea, and, with the 
aid of electrical energy, so perfected it that at present it 
is in use in many factories in the United States, where 
it serves for transporting all kinds of material. —Ele- 
trician, May 3rd, 1901, pp. 49, 59. (IIL) 


4. Telegraphy and Telephony. 


Induction Coils.—A New /nduction Coil. Thisisa 
concise description of a pair of very large induction coils 

uite recently constructed by Messrs. Queen & Co.,, of 

hiladelphia, Pa., U.S.A., for the Japanese Government. 
They will give a 45-in. spark, and are to be used for wire- 
less telegraphy.—Ziectrical Review, May toth, 1901, 
P- 795 
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Telegraphy.—Z.xperiments in Wireless Telegraphy 
with the Guarini Automatic Repeater. The author, 
in a short introduction, points out that, although messages 
have been sent by the Marconi system over sea to a 
distance of 315 kilos, it has not been possible without the 
aid of captive balloons or kites, to communicate overland 
through obstacles to a distance of more than 2x kilos ; ; he 
then proceeds to describe M. Guarini’s system and its 
great advantages. —Electrical Review, Mar. 24th, 1901, 
pp. 871, 872. 


5. Miscellaneous. 


Accumulators.— Niblet?’s Improved Traction Ac- 
cumulators. Description of a novel type of accumulator, 
designed by Mr. J. T. Niblett, with the object of 
reducing as much as possible weight and bulk of the cell 
without interfering with its durability and capacity for 
high discharge rates.—Zéectrical Engineer, May roth, 
p. 671. 

Electrical Appliances.—Zilectric Power in Cudahy 

Packing House Plant at Kansas City. Description of 
a very interesting electrical equipment in the packing 
house of the Cudahy Packing Compan;, at Kansas City, 
Mo., U.S.A., which is one of the most modern and com- 
plete establishments of the kind in the United States.— 
Western Electrician, May 4th, 1901, pp. 297-98. (IIl.) 


— Electric Stage Mechanismat the Covent Garden 
Opera House. Description of the up-to-date electrical 
equipment, including the devices for scene-shifting, 
electrically raised bridges, etc., introduced into the 
above theatre before the present season. £lectrician, 
May roth, rgor, pp. 85-8. Ill.) 

Electrical Exhibits.—7he Pan-American E-xposi- 
tion; its General Features and Details of Electrical 
Jnterest. Parts I and II of this contribution deal with 
the grounds and buildings, the architectural and decora- 
tive features, etc., and contain a description of the 
electrical tower and fountains, the power and lighting 
plant, and the electrical transmission from Niagara Falls. 
Electrical Review (New York), May 4th, pp. 549-53, 
and May rith, pp. 583-85. (Ill.) 

Electric Fire-Alarms.— The May-Otway Fire- 
Alarm. Description of a fire-alarm which is the joint 
invention of Mr. H. Otway and Mr. C. E. May, the 
senior mechanical electrician of the New Zealand Govern- 
ment.—£dectrical Engineer, May 17th, 1901. 

Laboratories. — Electrolytic Laboratory at the 
University of Pennsylvania. is is a fairly full 
account of a laboratory for electro- chemical experiments 
in the above-named university, consisting of a nucleus 
of instruments and accessories provided in 1894 and 
augmented considerably since that date. — Western 
Electrician, May 4th, 1901, pp. 29%, 299. (IIl.) 


MARINE ENGINEERING AND 
SHIPBUILDING. 


1. Merchant Vessels. 


Atlantic Liners.—Launch of the White Star Steam- 
ship “‘ Ceitic.” The article describes the launch, which 
took place on April 4th last, of what for the time being 
must be called “the largest ship in the world,” being of 
about equal length with the Oceanic, but 7 ft. greater in 
beam, having 4 ft. 6 in. more load draft, and a ton- 
nage greater by 3,000 tons, with a passenger accommoda- 
tion for altogether 2,859, 7.¢. 347 first-class, 160 second- 
class, and 2,352 steerage passengers. — Marine Engineer- 
ing, May, 1901, pp. 171-73. (IIl.) 


2. Pleasure Craft. 
3- Equipment and Machinery. 


Distilling Plant.—Fresh- Water Distilling Plant on 
the U.S. Store-ship “ Iris.” ‘This article describes what 
is known at present as a “ Distilling Ship,” called into 
existence in consequence of the need for it, recognised 
during the Spanish-American war as an indispensable 
adjunct to a squadron operating at a distance from an 
adequate fresh-water supply: The ship described is the 
/ris, an iron steamship built in Newcastle-on-Tyne in 
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1885, and originally known as the British ss. Dryden ; it 
is furnished at present with a distilling plant, located in 
the forward tween decks on the forward mainhold.— 
Marine Engineering, May, 1901, pp. 198-200. (IIl.) 


4. Miscellaneous. 


Fishing Schooners.— Fishing Schooner “ Rob Roy” 
sailing out of Gloucester, Mass. Description of a very 
elegant fishing schooner whicn, as the accompanying 
illustrations show, has all the grace and beauty ofa 
modern pleasure yacht. It was designed by B. B. 
Crowninshield, naval architect, of Boston, Mass., U.35.A., 
for Mr. George Steele, of Gloucester, Mass., and was 
built at the yard of A. D. Story, Essex, Mass, The 
general dimensions are—length over all, r1o ft. 6ins. ; on 
water-line, 86 ft.; beam extreme, 23 ft. 7 ins.; draft 
extreme, 13 ft. 4 ins. She is constructed of white oak, 
and fastened with galvanised iron. Ina good breeze she 
has logged a speed of 12$ knots, but her aver.ge speed is 
about to miles an hour.—Marine Engineering, May, 
1901, pp. 185-8. (IIl.) 

Docks.—Balanced Sectional Dry Dock built for the 
Tietjen & Lang Co. The author of this contribution, 
after having given a historical review of the building of 
docks, describes in detail the largest timber floating dry 
dock ever constricted, ze. the ‘‘ Lang Balance Sectional 
Dry Dock,” invented by Mr. Frederick C. Lang, and 
built at New York.—Marine Engineering, May, 1901, 
pp. 175-81. Ill.) 


Floating Dock,.—TZhe Algiers Floating Dock. 
Description of the present cohdition of the work of 
construction of the floating dock now being built at 
Algiers, Louisiana, U.S.A., for which, on May 4th, 1898, 
Congress made an appropriation, and which is to bea 
combined graving and floating dock of steel, capable of 
fitting an ironclad of 15,000 tons with a draft of 28 ft.— 
rae Manufacturer, April 25th, 1901, pp. 513-15. 

+) 


MECHANICAL ENGINEERING, 


i. Boilers, Furnaces and Fuel. 


Boiler Appliances.—/nterlocking Gear for Super- 
heater Valves. ‘Theauthor points out that in most super- 
heaters it is necessary, when steam is being raised and 
the main stop-valve, of course, closed, to admit water 
into the superheater tubes to prevent their being burnt, 
and that it is also necessary that this water should be 
drained off from the superheater before the main steam- 
valve is opened, otherwise there is a risk that the water 
which has not been completely evaporated into steam 
within the superheater will be forced out into the main 
steam-pipe under pressure of the steam in the boiler 
drums. He then describes an interlocking gear, patented 
by-Messrs. Lovell & Co., of 56, Chancery Lane, London, 
which is designed with the object that this condition shall 
not occur. ‘This gearing has been fitted to the boilers of 
the Reading Electric Supply Company, Ltd.— Engineer, 
May 31st, 1901, p. 578. Ill.) 

Boilers.—7he Solignac Water-Tube Boiler. No. 1. 
The author points out the importance of putting before 
the public at present, when water-tube boilers are being, 
so to say, put on their trial anew, all the progress made 
of late, at g after referring to the fact that the boilers of 
Solignac, Grille & Cie., of Pacis, are based upon a novel 
working system and have a different internal. arrange- 
ment, he enters upon a description of these boilers an 
comparison of their efficiency with that of others. — 
Engineer, May 3rd, 1901, pp. 442, 443. (IIl.) 

—— The Diirr Water-Tube Boiler. Description of a 
boiler of Continental origin which is of special interest, 
as, according to a statement made by Mr. Arnold- Foster, 
ia the House of Commons, H. M.S. Medus- is to be fitted 
with eight of these boilers.—Zngineer, May 31st, 1901, 
p. 557- (To be continued.) 


Fuel. —7he Peat Fuel Question in Sweden. This is 
a contribution a supplementary data on this 
interesting question to those published in a _ previous 
article on the subject. Iti is shown that the agitation in 
favour of using the extensive peat-bogs of the country, in 
preference to the expensive coal as fuel in industrial 
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establishments, is constantly increasing, and that new 
methods of utilising peat are attracting: attention, among 
them the invention of a German engineer of Diisseldorf, 
referring to the manufacture of peat briquettes, and the 
Vilén peat “‘coaling” process.—Zugineer, May 3rd, 
1901, P. 444. 


Fuel. — Peat Apparatus in Operation at Ealo/, 
Sweden. The article is devoted to the description of the 
two most important processes of peat manufacture in use in 
Sweden, where the question of utilising this natural product 
in the industrial establishments of that country has become 
one of national importance. These processes are the new 
system for the briquetting of peat fuel, invented by Mr. 
Nils Fredriksson, engineer at the Anderson Mechanical 
Works of Svedale, Sweden, and the so-called Anrep 
method, invented by the celebrated Swedish peat en- 
gineer, Mr. Aleph Anrep, whose machines have also 
been largely adopted in Russia.—xgineer, May 17th, 
1g01, pp. 517-19. (IIl.) 


2. Compressed Air. 


3- Engines and Motors. 


Automobiles.—7he Automobile Club's Exhibition. 
The article having the above heading gives a fairly full 
description of the exhibits at this year’s exhibition at the 
Agricultural Hall, London, which was undoubtedly 
the best and most complete exhibition of automobiles in 
Great Britain; the proportion of vehicles of English 
origin was much greater than on previous occasions, and 
not only Continental but also American manufacturers 
were represented.—A utomotor Journal, May, 1go1, pp. 


369-79. (IIl.) 


— A Remarkable Motor Wagon. The article 
deals with a motor wagon of considerable novelty, 
invented in Germany, which has successfully undergone 
severe tests instituted by Mr. C. T. Crowden of Leaming- 
ton. The salient feature of its design is the means 
provided by which the vehicle can overcome obstacles on 
the road without transmitting the jolts to the body of the 
vehicle, means being furnished to secure the ease. of 
running, whatever the nature of the road surface may be. 
The wagon, in fact, carries its own endless tramway 
track along with it.—Z£ngineer, May 31st, 1901, pp. 
560-62. (Ill) 


— Transmission Gear of a Motor Carriage. By 
Mr, Herbert Austin. This contribution was read in form 
of a paper before the Cycle Engineers’ Institute. The 
author, after stating what he considers to be the essential 
points of a gearing system. passes in review the various 
leading systems, and applies to them the standard laid 
down by him.—Axutomotor Journal, May, 1901, pp. 
382-88. (Ill.) 


Engines. --Gasoline Engines for Submarine Torpedo 
Boats. Description of a type of gasoline engine 
built by the Otto Gas Engine Works at Philadelphia 
for the United States Navy, and destined for a submarine 
torpedo boat. The fact that 15 other Holland submarine 
torpedo boats are to be fitted with Otto engines sufficiently 
shows their importance.—Angineer, May 3rd, p. 450. 


—— The ss. “‘ Port Royal” and “ Port Antonio.” 
This is a description of the triple-expansion engines of 
two.new steamers which, in the author's words, represent 
a very important departure in British trade. The 
machinery described may be regarded as the embodiment 
of all the improvements effected of late years, which 
experience has shown to be worth retaining, The boilers 
are fitted on Howden’s system, and are declared by the 
a to be excellent.—Angineer, May 3rd, 1901, p. 488. 
ql. 


. —— Water Turbines. The article is devoted to a 
number of turbines, showing that, although water-power 
in this country is rather limited, British makers of — 
turb:nes produce an article that, as regards efficienc 

design and construction, is equal to the best pr est 
coming from abroad. Among the firms of this country 
distinguished in this line are Messrs. W. Gunther & Sons, 
Central Engineering Works, Oldham, several of whose 
turbines are described and illustrated in this article.— 
Mechanical Engineer, May 4th, pp. 619, 620. (IIl.) 
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4. Power and Transmission. 


5. Machine Works, and Foundry. 


Forging.— Die Forging.—No. I. By Joseph Horner. 
This is a series of articles written with the object of 
illustrating the methods of stamping engineers’ forgings 
in dies, to the lessening or exclusion of anvil work and of 
hand finishing.—Angineering, May 3rd, 1901, pp. 561-2 ; 
May 17th, pp. 625-27. (Ill.) 


Foundry Work.— Modern Cufola Practice. By Dr. 
R. Moldenke. The author inquires into the question of 
economy and points out that the starting-point for such 
inquiry lies in the cupola practice, and that a study of 
this subject will bring out the principles which must be 
closely adhered to in order to secure success. He then 
passes in review the various methods of casting, com- 
menting on their advantages and defects, and concluding 
with a tribute to the pioneers who have raised the pro- 
duction of cast-iron to one of the chief industries of the 
world.—Cassier's Magazine, May, 1901, pp. 67-75. (Ill.) 


Foundries.—A Modern Foundry. The article con- 
tains a description of the Milwaukee Harvester Co., o 
Milwaukee, Wisconsin, a newly-erected model establish- 
ment, completely equipped with labour-saving devices, 
well-lighted, properly ventilated, and arranged to produce 
a maximum quantity of finished castings with a minimum 
amount of labour, or at all events coming, according to 
the author, as near as possible to that ideal.—Foundry, 
June, 1901, pp. 138-47. (Ill.) 

Machine Tool Shops.—A Modern German Machine 
Tool Shop; The Deutsche Niles Werkzeug-maschinen 
Fabrik.—1I, This article deals with a Berlin establish- 
ment, excellently laid out and equipped, being called 
into existence by several of the most enterprising firms 
in the German capital.—A merican Machinist, pp. 539-46. 
(Ill. ; to be continued.) 


Machine Shops.— Machine Shop Practice. By D. B. 
Dixon. The author lays special stress upon the value of 
a well-equipped and well-organised tool-room in connec- 
tion with a modern machine shop, and gives numerous 
practical hints regarding the use of tools, Fiction, lubrica- 
tion, etc.—A merican Manufacturer, May 23rd, 1901, 
PP. 642, 643. 

Machine Works.—7he Brown & Sharpe Manu/fac- 
turing Co.'s Works.—il. The author points out the 
importance of jigs and tools, describes the inspection 
department, the tool-makirg department, the tool room, 
the gear-cutting department, ard the grinding depart- 
ment.—A merican Machinery, May, 1901, pp. 269-73. 


6. Tools. 


Machine Tools.—Xeyscaters at the Glasgow E-xhibi- 
tion. ‘The author points out that among the machine 
tools of this type exhibited, two only are of British 
manufacture, while the others are American. Messrs. 
Charles Churchill & Co. show a Colburn keyseating 
machine, Messrs. Pollock, Whyte & Waddel, of John- 
stone, exhibit a type known as the “Globe.” At the 
stand of Messrs. C. W. Burton, Griffith & Co., of 
London, another machine of the inverted type is to be 
seen bearing the name of the ‘‘ Giant,” which has been 
built by Messrs. Mitts & Merrill, of Michigan. Messrs. 
Smith & Coventry also show a keyseater for cutting the 
keyways in pulleys. Something novel in keyway cutting 
is to be seen in the Newton Keyseat Milling Machine, 
shown by Messrs. Charles Churchill & Co.— Engineering, 
May 31st, pp. €91-94. (Ill.) 

Machine Tools for Plates and Angles. The 
machines here described represent a very neat and 
efficient application of electricity to the driving of 
machine tools for punching, shearing, and binding. The 
power required for driving them is as a rule large enough 
to warrant the use of an independent motor for each of 
them, and the absence of speed-gear renders the designs 
simple and compact. The makers are Rushworth & Co., 
of Sowerby Brig; e, and they were built for a large an 





building firm in the United States.—Zmgineer, May 17t 
1901, p. 53. (IIl.) 

—- Horizontal Boring, Drilling, and Miiling 
Machine. Description of a tool designed for the same 
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class of work as is done on the Bement type boring 
machine, but in the design and construction of which a 
special point has been to secure not only initial accuracy, 
but conditions that will make original accuracy easily 
maintained.—A merican Machinist, May 11th, 1901, 
p- 449. (IIll.) 

Gear Cutter.— The Arthur Seven- Foot Gear Cutter. 
Novel Gear Model. Description of gear cutting machine 
designed and built at the works of the Arthur Company, 
Front Street, New York, for their own use. This 
machine has an economical capacity for spur gears up to 
7 ft. in diameter, ro ins. face, 14 ins. diametrical inlet, or 
2 ins. circular, but larger pitches may be cut, as the 
machine takes an 8-in. cutter.—A/achinery, May, 1901, 
pp. 282, 283. (Ill.) 

Mortising Machine.—Mortising Machine for Rail- 
way Wagon Work. The tool described is intended for 
mortising and boring the timbers forming the under- 
framing of railway carriages and wagons. The timber 
to be operated upon may be of any size up to 14 in. wide 
by 12 in. deep.— Engineer, May roth, rgor, p. 484. (IIl.) 

Plates and Angles.— Machine Tools for Plates and 
Angles. The article deals with an ingenious angle and 
T-iron bending machine, a punching and shearing machine, 
a belt-driven horizontal beam-bending, straightening, 
punching, riveting, and double-angle iron-cutting machine, 
and a very powerful seven-roller straightening machine, 
all driven by electricity, and built by Rushworth & Co., 
of Sowerby Bridge, for a large shipbuilding firm in the 
United States.—Engineer, May 17th, p. 513. (Ill) 

Riveting.—An Electric Riveter. Description of 
the so-called ‘‘ Kodolitch” Riveter, built by the Vereinigte 
Electricitats-Actien-Gesellschaft, of Vienna, In this 
engineer's tool, the difficulty that a motor is not well 
adapted to giving a great force through a small distance 
is overcome by having the motor not to act directly on the 
screw, but on a sort of fly-wheel, so that the machine 
works on the principle of the fly-press.—Zmgineer, May 
roth, rgor, pp. 484, 485.. (IIlL.) 


7. Refrigeration and Cold Storage. 


Cold Storage.—Butter and Egg Storage in Bel- 
gium. An interesting article describing the refrigerating 
lant of ‘‘La Fermiére,” Brussels, established on 
May 16th last year, and fully equipped with every modern 
appliance. The operation of this plant is watched all 
over Belgium with the keenest interest, as its success 
practically means a new era for agriculture in that 
75 ined and Cold Storage, May, 1901, pp. 121-27. 
(ul. 


Creamery Plant.—Re/rigeration in the Creamery. 
Description of the equipment and working of a thoroughly 
up-to-date creamery during the summer months, and the 
refrigerating apparatus coming into play during the 
various operations.—/ce and Cold Storage, May, 1901, 
pp. 115-19. Ill.) 

Margarine Factory.—7he Broad Green Creamery, 
Liverpool. This is a concise account of an extensive 
margarine factory worked on modern lines, and of the 
refrigerating plant which is chiefly used for maintaining a 
supply of pure water at a temperature near freezing. The 
refrigerating machine used is one of Messrs. Tuxen & 
Hammerich’s ammonia compression type.—/ce and Cold 
Storage, May, 1901, pp. 133-35- 


MINING AND METALLURGY. 


1. Coal and Coke. 


Coal Handling.— 7he Wrightson Coal Shipper. The 
apparatus described is designed by Messrs. Head, 
Wrightson & Co., Ltd., engineers, Thornaby-on-Tees, 
and claims to be an important advance in the method of 
handling coal in so far as it obviates the excessive 
breakage which results from the use of the ordinary 
gravitation spout.—/ron and Coal Trades Review, 
May 3rd, rgot, p. 923. (IIl.) 

Coal Mining.—7he Cost and the Profits of British 
Coal Mining. Under this heading appears the sum- 
mary of a very noteworthy statement of the Board of 
Trade, entitled ‘‘ Statistics of Coal Mining,” consisting 




















mainly of a series of tables showing the quantities and 
valves of coal produced in the United Kingdom, the 
number and average wages of coal miners in each year 
from 1886 to 1900, and the estimated amount expended 
on miners’ wages and left for other expenses and profits. 
—Iron and Coal Trades Review, May 24th, tgot, p. 1082. 


2. Copper. 


es Industry.— The Lake Copper Industry. 
H. J. Stevens. The author gives an interesting 
account of the copper industry in the Lake Superior 
region, U.S.A., ‘and its great expansion within the last 
few years b the opening of new mines and the equipment 
of new taille Setees and Minerals, April, 1900, pp. 
397, 398. 


3- Gold and Silver. 


Gold Placer —- -— The Placer Goldfields of the 
Nome Region. By Alfred H. Brooks, United States 
Geological Survey, The author, who for his Government 
made a personal inspection of the Cape Nome region, 
gives an interesting description of this gold-bearing dis- 
trict, discovered in September, 1898, by three prospectors, 
each of whom has become a millionaire —- 
and Metaiélurgy, May, 1901, pp. 249-52. (IIl.) 


Gold Mining.—Gold Mining in Alaska. By Prof. 
H. van F. Furman. Under the above title the author 
describes the south-eastern part of Alaska, giving an out- 
line of the formation, and an account of some of the 
mines. The basis of his contribution consists of the data 
collected by him during the summer of 1900, when he 
visited the district and the mines referred to.— Mines and 
Minerals, May, tg901, pp. 433-36. (Ill.) 


— The Gold-Mining Industry of Siberia. By 
H. L. Geissel. The author gives a short outline of what 
may be called the most important of all the industries of 
Siberia, for the present at least, and describes the more 
important districts and the mining methods.—Mining 
and Metallurgy, May 1st, 1901, pp. 252-54- 


4. Iron and Steel. 


Blast Furnace Improvements.—A New Vacuum 
Tuyére. Description of a novel type of tuyére placed 
upon the market by the Blast Furnace Power Syndicate, 
Ltd., of Moorgate Street, London, E.C., and designed 
with the object of remedying the serious loss which tron- 
masters suffer through the present system of forced circu- 
lation of water through the tuyéres. —/ron and Coal 
Trades Review, May 17th, p. 1029. (IIl.) 


Metallurgy of lron.— The Province of Pyritic Smelt- 
ing. By Herbert Lang. ‘The article is an answer to 
some editorial comments in the paper in which it appears 
on the smelting installation in the Bingham Mining Com- 
pany, in which the ground is taken that the pyritic process 
is not of general application. The author takes up the 
position that the pyritic furnace can do almost anything, 
and can do it better and cheaper, for it turns out a purer 
product and requires less fuel.—Zngineering and Mining 
Journal, May 11th, 1901, pp. 589, 590, and May 18th, 
pp. 617, 618. 


5. Mining and Mining Methods. 


ignition of Blasts.—7he New Firman Igniter and 
Delayed Shots. The article, which is a translation of a 
contribution by Mr. L. Volf to the Oesterrischische Zeit- 
schrift fiir Bere- und Hiittenwesen, contains a description 
of a dynamo-electric igniter manufactured by the Actien- 
gesellschaft Dynamit Nobel. It consists of a small dynamo 
enclosed in a wooden case, and composed of an electro- 
magnet with sheet-iron cores and a massive yoke, between 
the poles of which rotates a double T armature of sheet- 
iron.—Colliery Guardian, May 3rd, 1901, p. g€0. (Ill.) 








Mining.— The Mining and Metallurgical Industries 
of Southern Russia. By H. L. Geissel. The author 
gives some of the more teupertant statistical data regard- 
ing the Russian mining industries, and describes some of 
the mining districts in the south of that country.— Mining 
and Metallurgy, May 1st, 1901, pp. 255-57. (IIl.) 
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Mining Machinery.—A Wire Rofpe-driven Treble 

Ram Pump for High Lifts. Description of a pum 
of the above type, manufactured by Messrs. leuah 
Evans & Sons, the necessary gearing between the rope- 
pulley and the crank-shaft being half shrouded. An 
installation of these pumps is said to work out very 
much less in cost than a corresponding electrical installa- 
tion.—/ron and Coal Trades Review. May 17th, 1901, 
p. 1000. (Ill.) 
The Bunnell Rock and Ore Crusher. This ore- 
crusher here described is being manufactured by. the 
Bunnell Machinery Company ot Chicago, Ill., U.S.A., 
and has two great merits—namely, simplicity and light- 
ness of its parts. — Mines and Minerals, May, 1901, 
P- 449. (Ill.) 

Mining Methods.—7unnels and Tunnel Schemes. 
By Professor Arthur Lakes. The-author discusses the 
various kinds of tunnels, and the reasons for their special 
construction, explaining the two main classes—i.e. the 

‘adit” tunnel and the long “cross-cut” tunnel, the 
latter of the two being treated more fully.—Mines and 
Minerals, May, 1901, pp. 443-45. (Ill.) 





NAVAL AND MILITARY 
ENGINEERING, 
1. War Vessels. 


Armoured Cruisers. — New French Armoured 
Cruisers, ‘‘ Léon Gambetta,” ‘Jules Ferry,” and 
** Victor Hugo.”” The vessels described in this contri- 
bution are of considerable interest at this moment, being 
built in answer, so to say, to the British vessels of the 
Drake class, with which the author compares them.— 
Engineer, May 17th, 1901, p. 505, and May 24th, p. 544. 


Cruisers.—New Russian High-speed Cruisers. The 
author of the article, a German naval correspondent of 
the paper in which his contribution is published, states 
that Russia has just ordered four new cruisers to be built, 
one at Windau, another at Libau, a third at Nikolajeff, 
and a fourth at ” Sebastopol, and‘adds that German naval 
constructors are naturally gratified at the fact that the 
design of these four ships follows exactly the lines laid 
down fur the Bogatyr, a first-class protected cruiser, built 
for Russia at the Vulcan company’s works at Stettin, who 
were required to furnish copies of every drawing made 
for. ship and engine—many hundreds in all. He then 
furnishes a number of very interesting details, not pre- 
viously published. — Znugineering, May 24th, 1901, 
pp. 670, 671. (IIl.) 


Equipment. 


3- Armour Plates, Guns and 


Ammunition. 


Fire-Arms.—Gruéi's Collimating Telescope Gun- 
sight. One of the greatest difficulties in accurately aim- 
ing results from the impossibility of properly focussing 
the eye on three objects at the same time, these three 
being at very different distances. The back-sight is very 
near the eye, the fore-sight is some 3 ft. distant, while the 
object aimed at may be anything from 100 to 2,000 yds. 
distant, and yet all three ought to be sharply defined on 
the retina to secure accuracy, while the construction of 
the eye renders this feat impossible. This difficulty has 
been overcome by Sir Howard Grubb, of Dublin, whose 
collimating gun-sight is based on the principle frequently 
employed by the physicist in order to magnify the indi- 
cations of certain of his énstruments, such as galvano- 
meters for instance, by means of a lever which is without 
weight and perfectly rigid.—Zngineering, May toth, 
1901, p. 619. 

— The Development of the Mode of Ignition in 
Small Arms and Artillery. Under the above title the 
paper mentioned below publishes a series of articles on 
this interesting subject, giving a history of igniting 
methods, intended not so much for the expert as for the 

eneral reader interested in mechanical matters.— 
ngineer, May toth, rgor, pp. 482, 483. 





REVIEWS. 


Practical Electro-Chemistry. By 
Bertram Blount, F.1.C., F.C.S., Assoc. Inst.C. E., 
Consulting Chemist to the Crown Agents for the 
Colonies. 8vo. xii. and 374 pp. 57 illustrations. 
15s. net. Westminster: Archibald Constable & 
Co., Lid. ; New York : The Macmillan Company. 

The use of electricity as a source of light and of 
motive-power for traction and machinery is now 
known to everyone, but the great change which 
has taken place in several of the chemical indus- 
tries by the use of electricity in place.of purely 
chemical processes is less generally known.* The 
aim of the author in this book is to give an account 
of those electro-chemical processes which have 
been already or are likely to be turned to in- 
dustrial use, and we have seldom met with a book 
in which the author’s object has been carried out 
so successfully and so interestingly. From begin- 
ning to end the book maintains a uniform standard 
of excellence ; there is no padding, there is nothing 
omitted which is essential to a proper understand- 
ing of the miatters under discussion, and we could 
wish that all writers possessed the facility of ex- 
pression combined with clear description which 
make the reading of this book a true pleasure and 
not a laborious study. 

The opening section is devoted to a discussion 
of electrolysis and of the general principles involved 
in electrolytic processes. The author insists very 
properly on the danger of stating the efficiency of 
a process in terms of current alone, as is frequently 


done, thus ignoring the vital question of energy 


efficiency. In a very clear manner he shows how 
to find the minimum voltage necessary for any 
particular electrolytic process to be successfully 
performed. When this voltage has been found, the 
energy is known, and only then can we have a true 
test of the efficiency of the process. After sketching 
briefly the ionic theory of electrolysis and indi- 
cating its difficulties, the author gives a short 
account of the method of calculating output in 
electrolytic processes, and then devotes the, most 
of the remainder of this section to a discussion of 
the other method besides electrolysis in which 
electricity is used for electro-chemical purposes— 
viz., the direct conversion of electric energy into 
heat to obtain high temperatures. This opening 
section forms a most excellent foundation for a 
proper understanding of what follows in the book, 
and will well repay close and careful study. 

It would be impossible in the limited space at 
our disposal to give anything like an adequate 
description of the full contents of the book; it 
must suffice to say that the different electrolytic 
processes for winning and refining the different 
metals, whether in aqueous or in igneous solutions, 
are all clearly described and illustrated. ‘There- 
after the use of the electric furnace and the manu- 
facture of carbides, borides, and silicides is discussed. 
Chapters then follow on electro-deposition of metals; 
the electrolytic manufacture of alkali, chlorine, and 
their products, and of organic compounds and fine 
chemicals ; and the book closes with a chapter on 
Power. It may be said that these different manu- 
factures have all been described before, and no 
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doubt this is true; but the method of treatment 
which the author has adopted is so thoroughly 
practical as to make even the purely descriptive 
part acquire freshness. We have not here a mere 
enumeration of chemical processes with appropriate 
formulas and equations ; the subject is treated as 
if the reader were about to enter upon the par- 
ticular industry under discussion, and all the con- 
ditions for financial success which would lead to 
the choice of a chemical rather than an electro- 
chemical process of manufacture, or vice versd, 
are entered into and considered on their merits. 
The economic aspect of the question is not for- 
gotten ; indeed, the fascination of the book is 
largely due to the skill with which the purely 
scientific side of the question is combined with the 
economic side, dealing with cost of power and 
labour, amount of capital locked up in the valuable 
metallic ores in the electrolytic vats, and so on. 

We should like to give several quotations from 
the book, but must confine ourselves to one which 
casts a curious sidelight on the conservatism of the 
metal trades in this country. Speaking of the 
refining of silver in American works, the author 
says, ‘‘It is interesting to note that the silver, 
which is almost pure, is melted down with a little 
scrap copper, because English buyers decline to 
recognise a higher approximation to purity than 
998 fine.” 

In view of the introduction of acetylene gas as 
an illuminant, the sections describing the electric 
furnace and the manufacture of calcium carbide are 
of special value; and we would recommend all 
would-be inventors of a primary carbon battery, 
whereby the energy of coal may be directly con- 
verted into electrical energy without the inter- 
vention of the steam engine, to read carefully 
what the author says on the subject in the closing 
chapter of the book. They will find there described 
the principles which must be attended to in any 
scheme which hopes for success. 

We confidently recommend all who are in- 
terested in any of the electro-chemical industries 
to make themselves familiar with the contents of 
this book. To the earnest student it cannot fail 
to recommend itself when once it comes into his 
hands. 

A word of praise is due to the publishers for the 
manner in which they have performed their part. 
The general appearance of the book is attractive, 
the type is excellent, and there are not many 
misprints. 
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